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Schwartzwalder Mine Hydrologic Evaluation ofMine Closure and Reclamation

1 INTRODUCTION

The Schwartzwalder Mine is an underground uranium mine located in Jefferson County near Golden

Colorado in the steep canyon of Ralston Creek Figure 1 The mine was operated by Cotter Corporation

Cotter from 1966 until May 2000 when mining operations ceased dewatering pumps were shut off and

the mine was allowed to flood

Significant quantities of hydrologic and hydrogeologic data were collected prior to mine shutdown and in

the seven years that the mine has been refilling Monitoring wells and surface water stations onsite Figure

2 and offsite Figure 1 have been monitored many for more than 20 years Data have been collected on

mine refilling rates mine water quality Ralston Creek flow rates and Ralston Creek water quality Cotter

has reclaimed several waste rock piles in Ralston Creek Canyon decommissioned numerous buildings and

has conducted bench scale and pilot scale studies of water treatment options

Hydrologic issues related to mine closure include the flooding of the underground workings effects of

waste rock dumps on water quality and the interaction of surface water in Ralston Creek with alluvium and

fill at the site

The purpose of this hydrologic evaluation report is to

Summarize the available hydrologic and hydrogeologic data

Analyze the mine filling rates and predict the timing and final water level elevation in the mine

Evaluate trends in water quality in Ralston Creek and in the underground workings

Develop and present a geochemical model of the system and

Develop a list of potential strategies and recommendations for mine closure and mitigation

2 SITE DESCRIPTION

21 Location

The Schwartzwalder Mine is located in Ralston Creek Canyon in northern Jefferson County Colorado

The mine occupies the southeast quarter of Section 25 T2S R71 W Figure 1 Cotter owns approximately

87 558 acres of Section 25 Fiftyseven 57 acres were permitted for mining under Colorado mining

permit number 77300

The northeast corner of Section 25 along with adjacent sections to the north northeast and northwest are

rural residential properties associated with Blue Mountain Estates The section west of the mine is used for

summer cattle grazing while the property south and east of the mine is owned by Jefferson County Open

Space Parks This area of Open Space is named White Ranch Park in honor of Paul and Anna White who

were the owners of vast holdings in the area including Section 25 which their heirs sold to Commonwealth

Edison Co in 1982

From Colorado State Highway 93 north of Golden Colorado the site can be accessed by either Pine Ridge

Road or West 56 Avenue Where these roads intersect one mile west of highway 93 a paved road enters

the private properly of 19 exclusive 35acre home sites called Bear Tooth Ranch The access road becomes

bladed dirt north of Bear Tooth Ranch and the road enters Ralston Canyon and turns northwest upstream

toward the mine Approximately onehalf mile of land along the road near Ralston Reservoir is owned by

the Denver Water Board and the next two miles of land are owned by Jefferson County Open Space Parks

The road then enters the mine property through a gate on the eastern boundary of mine property

Whetstone Associates
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Schwartzwalder Mine Hydrologic Evaluation of Mine Closure and Reclamation

Two other mines historically operated in Ralston Creek canyon The Mena Mine is located about one mile

upstream from the Schwartzwalder Mine where the West Rogers Fault crosses Ralston Creek The

Northstar Mine is located about one mile northwest of the Schwartzwalder Mine in veins related to the

East Rogers Fault System

22 Terrain

Ralston Creek flows from northwest to southeast across Section 25 and occupies a narrow steepsided

canyon in the vicinity of the mine Small intermittent tributaries of less than one mile in length enter

Ralston Creek from both the north and south directions in the west half of Section 25 In the east half

short usually dry gulches drain into Ralston Creek from the north off the west side of Ralston Buttes

while a steep ridge parallels the creek on the south

The mine portal is located on the west side of Ralston Creek Canyon and numerous mine facilities were

constructed on waste rock and fill from historical mining activities

23 Climate

The Schwartzwalder Mine area has a semiarid climate characteristic of much of the central Rocky

Mountain region Precipitation records from 1978 to 2007 at Ralston Reservoir located about 2 miles from

the site and 560 feet lower in elevation show a mean annual precipitation of 1868 inches Table 1

Approximately 40 percent of the precipitation falls during the spring much of it as wet snow

Thunderstorms June to August account for an additional 30 percent of the annual precipitation Fall and

winter are drier seasons accounting for 20 and 10 percent of the annual precipitation respectively

Snowfall averages 688 inches per year falling from late September through May

Precipitation variation from the monthly and annual averages is shown in Table 2 With a standard

deviation of364 inches precipitation ranged from 150 to 222 inches during 68 of all years The lowest

recorded precipitation was 119 inches in 2002 while the highest recorded precipitation was 264 inches in

1999

Temperatures at the site are moderate Extremely warm or cold weather is usually of short duration Daily

summer temperatures ranges from 53 to 88 F and winter temperatures range from 23 to 46 F on average

Table 1 Monthly Climate Summary at Ralston Reservoir

May 1 1978 June 30 2007

Jan Feb Mar A r Ma Jun Jul Au Se Oct Nov Dec Annual

Average Max
460461 523 594 697797 880 835 753630 517 449 633

Temperature F
Average Min

236 229 289350 452 534613 58350 3 39 3 29 1 236 392

Temperature F
Average Total

061 s 065 187 241 293 196 164 213 1 38 1 22 1 13 075 1868

3

Average Total
90 85 133 100 16 I 00 i 00 00 08 31 116 108 688

1 ISnowFall tn I

Average Snow 1 1 1 1 0 0 0 0 0 0 1 2 1

De th in

Source Western Regional Climate Center WRCC data download for station 056816 Ralston Reservoir Colorado

Percent of possible observations for period of record Max Temp 171 Min Temp 17 Precipitation 99 Snowfall 989Snow Depth 987

WhetstoneAssociates
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Schwartzwalder Mine Hydrologic Evaluation of Mine Closure and Reclamation

Table 2 Monthly Precipitation at Ralston Reservoir

1978

1979

1980

1981

1982
1983

1984

1985

1986

1987

1988

1989

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

SD

SKEW

MAX

MIN

YRS

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YR

11 93

000 z 000 z 000 z 000 z 552 150 061 043 043 181

261

060

312

103

341 2184

068 039 209 183 461 331 043

062

325

850

034

061 024 068 014 1654

061 054 184 304
221

494

114

054
440 174 120 049 127 040 096 1525

008 057

280

277

780 400 466 152 214 322 267 118 031 180 1924

028

060 015 547 194 528 394 217 150 051 027 332 073

230

2534

0318

018 136 a 180 303 063 203 184 228 086
1 70

379

340

000

112 068 1487

061 105 095 186 209 179 154

331

015

1 05 700 220 171 092 1880

000 z 100 076 353 293

4 01

267

175 580 215 060 130 124 181 2316

092 168

800

182

621

188

900 321 144 121 111 132 018 040 141 1407

047

1 16 092 055 153 202 293 186 221 270 057 058 116

180

1819

5119

046 044 472 199 196 022 272 191 303

990

066

770

122

992 002 2083

080 012 035 219 393 336 282

141

249

483 080 066 172 054 1715

069 000 552 027 115

1 38

190

811 850 061 210 t54 140 033 1465

014 050 212

561

187

353 940 115 060 215 052 064 151 026 1395

047

460

080

960 201 486 655 385 070 052 185 023 088 009 2215

2317

095 019 a 154 123 506 146 089 046 375

431

053

652

084
17 b1

033

092 2166

052 130 033 b 431 110

68 b2

291

51 b1

180

16 b2

322

184 a

a

116 b 160 000 z 089 a 1982

085

60 b0

014

25 d0

286

050

413

567 384 251 347 488 223 105 a 055 087 2642

9417

074 042 162 133 149 a 163 447 b 251 200 a 081 a 052

890

040

400 4019
055 067 a 154 218 332 119 235

580

350

66 b1

241

292

040

171 a 043 000 a 1185

060 034 095 002

303

282

441

045

541 061 138 025 018 037 065 1578

006 157

31t

443

640 264 121 323 214 348 138 238 207 031 2290

049

341 009 093 398 143 203 054 385 b 039 227 055

4

020

083

1760

9917

043 045 138 060 047 047 234 429 089

030

275

00 z0

08

00 z0 000 z 1152 z

189 065 160 331 305 038 064 229

Period of Record Statistics

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANNUAL

061 065 187 241 293 196 161 213 138 122 113

830

075

670

1860

643

040 047 145 146 167 122 098 127

300

096

640

093

930 107 160 033

118 062 140 032 033

556

064

175

088
474 488 375 379 332 308 2642

189 168

00

552

0

567
00 0 7 0 2 0 3 029 009 029 0g OA9

11

00g 9 29 9 30 3 0 3 0
26

Western Regional Climate Center WRCC data download for station 056816 Ralston Reservoir Colorado file last updated on Sept

172007
SD Standazd deviation

Provisional Data after 062007

a 1 day missing b 2 days missing c 3 days etc z 26 or more days missing A Accumulations present

Longterm means based on columns thus the monthly row may not sum or average to the longterm annual value

MAXIMUM ALLOWABLE NUMBER OF MISSING DAYS 5 Individual Months not used for annual or monthly statistics if more

than 5 days are missing Individual Years not used for annual statistics if any month in that year has more than 5 days

missing

SOURCE

NOTES

24 Economic Geology

Uranium ore is hosted in a thin band of brittle garnet biotite gneiss and quartzite of the Schwartz Trend

The generalized geologic map of the site Figure 3 shows that the deposit is generally bounded by a

hornblende gneiss to the north and a mica schist to the south The area is characterized by extensive

vertical fracturing dominated by the Illinois and the Rogers fault systems Primary mineralization occurs

in the brecciated Precambrianage Schwartz Trend rocks The deposit is essentially limited to Schwartz

Trend rocks veins truncate within 2030 feet in the mica schist Dominant ore minerals include

pitchblende uranium oxide and coffinite uranium sulfate

WhetstoneAssociates
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Schwartzwalder Mine Hydrologic Evaluation of Mine Closure and Reclamation 8

25 Mine History

The Schwartzwalder Mine operated from 1953 to 2000 The deposit was discovered by Fred

Schwartzwalder in 1949 and work progressed slowly on veins related to the Illinois Fault until 1953 when

exploration and mining assistance was received from the Federal government Production and exploration

increased when Fred Schwartzwalder sold the mine to DenverGolden Oil and Uranium Co in 1956

Several adits were driven along the Illinois Fault System including the Steve Level adit located about 50 ft

above creek level and shaft sinking began in pursuit of deeper ore

Cotter Corporation purchased the mine in 1966 The 1 2 and 3 shafts were completed in 1958 1970

and 1976 respectively An exhaust borehole to the surface was drilled northwest of the other shafts in

1977 A water treatment plant was constructed in 1987 A spiral decline was developed from the 19 Level

to the 22 Level during the 19881996 period

Dewatering of the spiral decline ceased in September 1998 when the pumps were shut off at the bottom of

the decline approximately 2200 feet and the lower workings of the mine were allowed to refill to the 19

Level Mining operations continued until May 2000 when the pumps were shut off on the 19 Level and 7

Level and the mine was allowed to flood

26 Mine Layout

The mine was accessed through the Steve Level which occurs at approximately 6602 feet elevation in

North American Datum NAD 27 coordinates or 6550 feet elevation in mine coordinates Two portals

exist on the Steve Level which provided for normal mine access the Steve Portal and emergency egress

the Pierce Adit

Several older workings were developed above the Steve Level The Charlie and Minnesota levels which

are 119 and 226 feet above the Steve Level respectively intercept the CV glory hole and represent the bulk

of the upper workings Figure 5 Additionally the Upper Level and LBJ Level daylight on the hillside

The elevations of the upper levels are given in Table 3

Table 3 Elevations of Upper Levels at the Schwartzwalder Mine

MINE NAD27
LEVEL ELEVATION ELEVATION

U er 6895 6947

LBJ 6835 6887

Minnesota 67766828
CV 6739679
Charlie 6669 6721

Steve 6550 6602

Below the Steve Level the levels are identified according their depth in hundreds of feet The most

extensive workings are on the 19 Level with significant development on the 7 9 and 15 through 17 levels

The total mine depth is 2222 feet from the Steve Level portal to the bottom of the spiral decline

The mine was wellventilated through a series of vent shafts The main vent shaft extends from the top of

the hillside at an elevation of7294 NAD 27 to the 7 Level The Jeffrey vent shaft extends from the

The difference between mine coordinates and State Plane NAD 27 is 205657073 E 72726771 N and 5123 in elevation

Whetstone Associates
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surface near the Charlie level to the 11 Level Areas that were not actively worked were typically

bulkheaded to prevent radon gas exposure

During operations the Schwartzwalder Mine was kept dry by pumping water from the lower levels of the

mine Water was collected in the 19 Level pumped to the 7 level and then pumped to the surface where it

was sent through the water treatment plant before being discharged to Ralston Creek

The water treatment plant also processed water collected from a series of four sumps in the alluvium and

fill These sumps pumped at a combined average of approximately 100 gpm The mine operated under

Colorado Mining Permit 77300 Colorado Discharge Permit CO0001244 and Radioactive Materials

License number CO36903S

3 SURFACE WATER FLOW

Ralston Creek is a small intermittent stream which drains approximately 41 square miles of mountainous

watershed The creek is deeply incised into the surrounding mountains The canyon is approximately

6600 feet wide and 1200 feet deep at the mine site where the valley floor ranges from 60 to 300 feet wide

Near the mine the original valley floor has been covered with waste rock fill to form a pad for mine

facilities Although the creek was rerouted to the north side of the canyon during mine development it has

since developed a series of natural riffles and pools where it flows past the mine site Shepherd Miller

1999

31 Flow in Ralston Creek at Ralston Reservoir

Historical flow data are available for downstream gaging stations on Ralston Creek for the period from

1957 to the present The information was provided by the Denver Water Board which measures flow and

field parameters at the Long Lake ditch outlet from Ralston Creek about 15 miles downstream from the

Cotter property and at the inlet to Ralston Reservoir Data from the Ralston Creek and Long Lake Head

Gate gaging stations were analyzed for the period from 1956 to January 20042 Table 4 The flow records

were processed3 and evaluated to identify major trends in Ralston Creek

The data indicate that the highest flows in Ralston Creek above Ralston Reservoir occur during the months

of April May and June Peak flows occur during the month of May when the average flow rate is 324

cfs By contrast the average flow rate from August to February is 21 cfs This relatively stable base flow

during the summer fall and winter is indicative of steady groundwater flow to the creek During the

spring runoff and snowmelt add to the groundwater base flow in Ralston Creek The creek can be prone to

flash flooding and significant erosion due to the narrow channel and large recharge area

Monthly average flow rates in Ralston Creek correlate well with monthly average precipitation Figure 6

but have a slightly larger time lag during winter months Precipitation records for the Ralston Reservoir

meteorological station located about 2 miles east of the mine and 560 ft lower in elevation are given in

Section 23

2 Discontinuous records are available from 1953 to 1970 Flow records are fairly complete from 1970 to 2004

s
Flow records at Long Lake Feeder Ditch gaging station were added to the flow records for Ralston Creek above Ralston Reservoir

gaging station to give the total flow in Ralston Creek Where data were missing for the Long Lake Headgate flow it was

assumed to be zero

Whetstone Associates
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Table 4 Flow Rates in Ralston Creek vs Monthly Mean Precipitation at Ralston Reservoir

Month Mean

Monthly
Flow

cfs

Average
Minimum Flow

cfs

Average
Maximum

Flow cfs

Number of

Months

for which flow

data were

available

Mean Monthly

Precipitation
in

Jan 16 13 18 35

35

061

650
Feb 17 12 22

38 871
Mar 41 23 91

44 412
A r 141 41 324

47 932
Ma 324 133 576

45 961
Jun 161 40 345

40 641
Jul 38 14 160

39 132
Au 29 L 1 69

37 381
Se 24 11 71

37 221
Oct 22 15 61

36 131
Nov 25 14 58

35 750
Dec 18 14 22

AverageMonthl 71 cfs
156 in

y 68 in18
Annual Average 51607 acreft

2004
NOTES Flow da

Precipi

ta obtained from Denver Water period of record March 1957 through January

tation data from National Climatic Data Center period of record May 1978 through July 2007
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Figure 6 Average Flow Rates in Ralston Creek vs Monthly Mean Precipitation

32 Flow in Ralston Creek at the Srhwartzwalder iv1ine

A series of nine gagingtation cre established in Ralston Creek near the mine site Figure fable tir

baseline characterization during 19981999 fhe locations were selected to have straight unitbrm stretches

of channel with smooth banks and beds of a fairl permanent nature and were located far from tlow

disturbances caused by tumours Semipermanent staff gages were installed at each statron and tlow was

measured using a flow meter and wading rod on October 1998 Mav 1999 July 1999 and August 1999

These velocityarea measurements Appendix A were used to develop discharge rating curves for each

station Appendix A from which staff gage readings of stream stage could be converted directly to Clow

talcs

Stage rrcorders were imtalled h Cotter Corporation at nine ufdie ten surface water monitoring stations Denier Water maintains

and records slow at the truth station at the Long Lake Feeder Ditch

t 09 t t
Whetstone Associates
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Table 5 Stream Gaging Stations on Ralston Creek

tiWLLfG

84 60897 E3lo Property Line nt

19 653343 Guctrii tihack rn

656394 Parking Lot near

SWA001 73367375 2061 14135 659057 Above Discharge upstream of culvert

SWl1C 733815 06030099 661808 Upper Culvert upstream of culvert

SWUP 73510233 2091 X321 616082 Opradient 1200 E of prep f3rnutdary

Nnte Crwrdinatrs given ur time Plane fief NAI 27

Staff gages were read monthly from October 1998 to September 1999 for all nine stations near the mine In

addition the staff gage at station SWA001 was read six times between May 2001 and May 2003 and the

stalfgage at station SWBPL was read nineteen times between May 2001 and September 2003

The tlows measured during 1998 1999 are summarized in Figure 7 Each measurement represents a

snapshot in time rather than a monthly average Ihe contemporaneous data are critical for determining
ains or losses in Ralston Creek as it passes through the mine property ihe instantaneous flow

measurements arc tabulated and shown graphically in Figure 8
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130iS
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Figure 7 Flow Rates Measured in Ralston Creek near the Schwartzwalder Mine by Month
1998 1999

Glcvation is approximateIvithin I Il tier station SWf3OS
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SWUP SWUC SWA001 SWBDIS SWPL SWOS SWBOS SWGS SWBPL

Od98 t 74 2 33 170 234 2 08 437 203 271 2 54

Nov98 2 23 296 I 222 1 98 626 2 01 4 95 3 99

Dec98 t 70 209 232 2 53 d 37 1 99 3 16 247

Jan99 t 64 320 296 234 3 18 2127 1 83 5 40 3 99

Feh99 3 47 209 610 2 09 198 575 1 87 5 04 3 99

tMar99 3 47 320 12 38 4 97 316 2127 201 5 85 5 80

qpr99 16 70 19 72 15 51 945 34 59 3 10 29 a0 10 67

May99 31 47 2204 35 09 36 00 34 14 38 58 3332 3 t 36 32 95

Jul99 289 8 42 1 59 666 8 55 632 4 66 6 21 653

Aug99 16 70 i 16 24 2244 t6 56 17 50 1941 581 t 5 70

Sep99 6 34 13 63 12 38 10 24 8 55 27 93 1 08 7 64 9 08

Figure 8 Flow Rates Measured in Ralston Creek near the Schwartzwalder Mine by
Station 1998 1999

The following observations are made based on the flows measured at gaging stations near the mine and
above Ralston Reservoir from October 1998 to September 1999

Flow in Ralston Creek is relatively constant within the precision of the measurements from above the
mine station SWUC to below the mine property station SWfiPl indicating that the measured
reaches are neither gaining nor losing No large catchments are tributary to Ralston Creek within this
stretch The discharge from the water treatment plant to the creek during the study period averaged I

gpm 017 cts which is within the precision of the measurements The added flow from the treatment

plant discharge is not manifested as an increase in measured tlows between stations SWA001 and SW

BDIS

The rating curve developed for station SWOS appears to slightly overestimate tlows during low Clow

i cts and high Clow 35 cfs periods The rating curve overestimates are even greater during
intermediate tlow periods 6 30 cts at station SWOS However when evaluated in combination the
flow measurements and rating curves Appendix A from all nine stations provide a reasonably
accurate assessment of flow in Ralston Creek near the mine site

Ihe stream flow in Ralston Creek was below normal during the monitoring period The daily Clow data
measured by Denver Water was less than the monthly average during I 1 of the I gaging events fable

J I 19 R07 I I l Whetstone Associates
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6 Similarly the monthly average flow measured by Denver Water from October 1998 to September

1999 was less than the longterm average for all months except May

Flows in Ralston Creek near the mine site are higher than flows measured 15 to 2 miles downstream

at the Long Lake Head Gate and Ralston Reservoir Ralston Creek must therefore contain losing

reaches between the mine and Ralston Reservoir

The minimum flow in Ralston Creek at nine stations near the mine site occurred during the winter

months and was approximately 38 cfs Table 7 This minimum flow represents base flow equivalent

to 134 inches per year from the approximately 38 square miles of catchment or approximately 7 of

the average annual precipitation measured at Ralston Reservoir

The average flow in Ralston Creek at nine stations near the mine site was approximately 97 cfs This

average flow represents base flow equivalent to 348 inches per year from the approximately 38 square

miles of catchment or approximately 19 of the average annual precipitation measured at Ralston

Reservoir

Peak flows in Ralston Creek near the mine site during the October 1998 September 1999 monitoring

period occurred in May when the average flow at all nine stations was 327 cfs

Peak flows for the 50 and 100year recurrence interval storms were calculated in a hydrologic analysis of

Ralston Creek which was performed in 1983 as part of the waste rock stability report The analysis

determined that the discharge from the 50year recurrence interval flood at the mine site is 4960 cfs

McDermid 1983a and the discharge from the 100year recurrence interval flood is 5750 cfs McDermid

1983b A 100year peak flow of 119 cfs was used in the waste rock stability analysis

Table 6 Stream Gaging Results for Ralston Creek Near Schwartzwalder Mine

N 102098 111998 121798 11999 21599 31599 41999 5179971999 8299 91399

STATIO

SWUP 741 170 164 347 347 1670 3147 289 1670 634

SWUC 332 223 209 320 209 320 1972 2204 842 1624 1

SWA001 170 296 296 610 1238 3509 159 2244 1238

SWBDIS 234 222 232 234 209 497

183

1551

459

3600

1434

866 16 56

855 1750

1024
855

SWPL 208 198 253 318 198
1 9327

SWOS 437 626 437 2127 575 2127 3459 3858 632 194

SWBOS 203 201 199 183 187 201 310 3332 466 581 10

SWGS 271 495 316 540 504 585 2940 3136 6211570 764

SWBPL 254 399 247 399 399 580 1067 3295 653 908

AVERAGE 243 332 258 509 360 690 1739 3277 598 1630 1076

RALSTON CR
100 100 100 200 100 200 500 2500 200 500 300

DAILY

RALSTON CR
106 137 113 129 1 04 145 1137 4323 1340 3 45 1497

MONTHLY

RALSTON CR

LONGTERM 224 246 180 155 169 407 1412 3241 1609 379 290

AVERAGE

Whetstone Associates
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Table 7 Seasonal Distribution of Average Flows in Ralston Creek

Measured at Nine Stations Near the Schwartzwalder Mine October 1998 September 1999

Season Months Flow Rate cfs

Fall SeptOctNov 550

Winter DecJanFeb 376

Spring
Summer

MarArMa

JuneJul Au

1902

1114

Flow rates in Ralston Creek have been affected by several projectrelated activities

Sumps Four sumps were operated in the alluvium and fill adjacent to Ralston Creek The sumps were

designed to limit direct seepage of uraniumimpacted water from the alluvium into the creek by

collecting water from engineered French drains The source of uranium in the alluvial sump water was

not entirely known although leaching from treatment pond sediments that were covered by

construction of the ore sorter may be one potential source Section 102 Water collected from the

sumps was sent through the water treatment plant and discharged into Ralston Creek at station SW

DIS001 As a result the net affect of the sumps on flow rates in the creek was negligible

Water Treatment Plant Until May 2002 flow rates in Ralston Creek were also affected by mine water

which was pumped from the lower levels treated and discharged from the water treatment plant Mine

water pumping rates averaged about 200 gpm from 1995 to 1999 Section 521 This contribution

increased the net flow rate in Ralston Creek although the increase was insufficient to be detected

within the precision of the stream flow monitoring program The change in flow from the treatment

plant was not distinguishable in the flow rates measured in Ralston Creek

Since pumping from the mine ceased in May 2000 and the mine sumps and water treatment plant were

taken offline in June 2002 flows in Ralston Creek are no longer affected by pumping from bedrock or

alluvium and return flow to surface water at the site

4 GROUNDWATER

Groundwater occurs in two primary zones bedrock and alluvium Bedrock in the project area consists of

amphibolitegrade metamorphic rocks Alluvium is largely confined to stream deposits of limited thickness

and extent along Ralston Creek as shown in Figure 4

41 Groundwater in Bedrock

Bedrock consists of three main lithologic units

1 Limesilicatehornblende gneiss LSHG

2 Mica schist MS and

3 Garnetbiotite gneiss and quartzite rock of the Schwartz Trend

The LSHG and MS rock types comprise the majority of the rock mass at the site Bedrock north of the

mine is composed oflimesilicatehornblende gneiss Bedrock south of the mine is predominantly mica

schist Uranium ore was hosted by Schwartz Trend rocks which form a thin band of brittle garnetbiotite

gneiss and quartzite along the near vertical contact between the more extensive LSHG and MS units A

geologic map of the mine area is presented in Figure 3

Pegmatite intrusive rocks comprise a fourth lithologic unit in the area but represent a very small portion of

the total rock mass The pegmatites were significant to the mines hydrology however in that they yielded

large volumes of water to underground workings when initially drilled

WhetstoneAssociates
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In general LSGH MS and Schwartz Trend rocks have low primary permeability Underground

observation suggests that regional faults and associated fracture systems control the limited occurrence and

flow of groundwater in bedrock The primary structural features present at the mine include the West

Rogers Fault which strikes northwest and dips steeply to the northeast and the Illinois Fault which strikes

north and dips steeply to the west Figure 3 These two fault systems combined with high angle pegmatite

dikes steeply dipping regional foliation and the high relief of the project area impart a strong vertical

component to groundwater flow system

411 Depth to Water and Groundwater Flow

Information about the depth to water and groundwater flow in bedrock is available from two monitoring

wells MW10 and MW11 which are located on the hillside above the mine Figure 5 Figure 1

Groundwater gradients in bedrock near the mine and on the slopes beside Ralston Creek are dominantly

vertical as demonstrated by water levels in MW10 and MW11 Monitoring well MW11 is completed in

bedrock to a depth of 200 feetb where observed water level ranged from 82 to 122 feet below top of the

casing btoc Shallow monitoring well MW10 is located adjacent to MW11 and was installed to evaluate

the vertical gradient in the area of the mine MW 10 is completed to a depth of 75 feet and is dry for much

of the year In 1999 the depth to groundwater in MW 10 was observed to be 672 ft btoc in May and 7125

ft btoc in September On the same dates water levels in MW11 were measured to be 8289 and 8910 ft

btoc Table 8 Using the midpoint of the saturated screened intervals in the two wells as reference points

the downward vertical gradient near the mine is calculated to vary from 015 to 017 Table 9

Both wells exhibit marked seasonal variation in water levels MW 10 is commonly dry as it was when

measured most recently on November 2 2007 MW 11 has not been dry when measured although its water

level varies significantly with the seasons as shown in Figure 9 Note that limited water level data are

available for MW11 because the road leading from the mine site has been reclaimed and access is now

limited

Table 8 Water Levels and Well Data for Bedrock Monitoring Wells MW10 and MW11

MidPoint of

Depth to Collar Water Top of Well Bottom of
Saturated

Date Well Water Elevation Elevation Screen Well Screen
Screen

ft btoc ft amsl ftamsl ftamsl ftamsl ftamsl

367370 367320 732351

52799
MW10

MW11

6720

8289

739386

739427

732666

731138 724427 719427 721927

92199
MW10

MW11

7125

8910

739386

739427

732261

730517

737036

724427

732036

719427

732149

721927

110907
MW 10 776

n

739386
72od

731626

777217

737036

724427

732036

719427

NA

721927

a
200 ft is approximate total depth from ground surface when drilled in 1999 MW11 total depth was measured on 1122007 at

189 ft below top of casing btoc

75 ft is approximate total depth from ground surface MW10 total depth was measured on 1122007 at 776 ft below top of

casing btoc

WhetstoneAssociates
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Table 9 Calculation of Vertical Gradients in Shallow Bedrock

Elevation MidPoint Vertical

Date Well Head Elevation y Yz HrHz Gradient

H HlHz z

MW10 732666 732351

241104 1528 I 015
52799

MW11 731138 721927

MW10 732261 732149
10222 1744 017

92199
MW 11 730517 721927

73ao

7320

c 7300

2
O
F
a

w 7280
J
W
J

W
7
W
J

728

6

3

7241

72z

7zoo

Dec98 Jan99 Mar99 Apr99 Jun99 Aug99 9eP9

72123

inzoo

lan08 Feb00 Nov07

Figure 9 Seasonal Variation in Water Levels in Deep Bedrock Monitoring Well MW11

Based on the data from Monitoring wells MW10 and MW11 it can be concluded that

1 The water table in bedrock is typically within about 100 feet of the ground surface

2 Shallow bedrock groundwater levels fluctuate seasonally and the thickness of the unsaturated zone

decreases to about 70 feet in the spring

3 The hillside above the mine remains essentially saturated throughout the year Therefore the

hydraulic conductivity of the bedrock must be low

4 Shallow groundwater flow in bedrock is predominately vertical The high vertical gradient 15 to

17 percent indicates that vertical hydraulic conductivity is low The vertical hydraulic

conductivity of bedrock however is probably greater than horizontal hydraulic conductivity

because of steeply dipping foliation and near vertical orientation of major structural features

5 The specific yield of bedrock is low Water levels in MW 11 rose approximately 50 feet during the

spring of 1999 If it is assumed that recharge to the system by infiltration of meteoric water is

about 3 inches during the spring the drainable porosity of the rock is calculated to be 0005 or

WhetstoneAssociates
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05 infiltration increase in water level This value is at the low end of specific yield values for

bedrock Freeze and Cherry 1979 and is consistent with low hydraulic conductivity

412 Bedrock Permeability Tests

Permeability data for bedrock are available from 22 packer tests performed in seven underground

boreholes The packer tests were performed by Cotter personnel during the spring of 1999 according to

methodology prepared by Adrian Brown Consultants Appendix B Data from the packer tests are

contained in Appendix B Results are summarized in Table 10

Hydraulic conductivity values calculated from the packer tests ranged from 33 x 105 cmsec to 99 x 108

cmsec The geometric mean hydraulic conductivity for all packer tests was calculated to be 47 x 10

cmsec The median hydraulic conductivity was calculated to be 27 x 10 cmsec Packer test results did

not indicate significant variation in hydraulic conductivity between the major lithologic units LSHG

GBG and MS In general the permeability of unfractured bedrock was low near 1 x 10 cmsec FouS
of 22 tests returned values in the 106cmsec range and 2 of the tests indicated permeabilities in the low 10

cmsec range Packer tests with hydraulic conductivities greater than 1 x 106 cmsec are interpreted to

result from fracture flow with permeabilities in the low 105 cmsec range best representing the hydraulic

conductivity of transmissive fracture zones

Packer tests completed in intrusive pegmatite rocks also indicated low permeability 1x10 cmsec In

contrast the hydraulic conductivity of transmissive fracture zones is estimated to be on the order of 105

cmsec This range is consistent with published values for fractured metamorphic rocks Freeze and Cherry

1979 and professional experience at other underground mines in metamorphic terrains Crandon Project

Wisconsin Monarch Mine Venezuela Midwest Project Saskatchewan These transmissive zones faults

fractures and pegmatites are of limited distribution and extent but provided the bulk of the flow to the

underground workings during mine development and dewatering Section 521 Most of the pegmatite

coreholes were pressuregrouted in 1994 Section 521 and the average bulk permeability of remaining

fractured and unfractured bedrock was determined from mine inflow data to be28x10 cmsec Section 0

The fact that the packer testing of pegmatite zones resulted in a very low permeability 1x10 cmsec

probably reflects the small number and limited aerial distribution of the packer tests rather than the actual

range of permeabilities associated with the pegmatites

WhetstoneAssociates
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Table 10 Summary of Packer Permeability Test Results

Borehole Interval Lithology

Hydraulic
Conductivity

cmsec

Comments

19D53 2281 2701

922272

MS

GBG MS

26E07
10E7 No measurable flow during injection test

19D53 1859

19D53 1427 1847 GBG MS 53E07

19D53 10175 14375 GBG MS 36E07

19D53 5891009 MS 27E07

19Ct6 18575 22775 LSHG

LSHG

16E06

1 0E7 No measurable flow during injection test

19C16

19C16

2284 2704

85 31285270 LSHG 10E7 No measurable flow during injection test

19C16 7 1857143 LSHG 10E7 No measurable flow during injection test

19C16 6105 10305 LSHG 10E7 No measurable flow during injection test

19K18 7 91749 PEG 10E7 No measurable flow during injection test

19K18 55 1345592 PEG MS 10E7 No measurable flow during injection test

19K18 13395 17595 MS 10E7 No measurable flow during injection test

19K18 201 621 PEG MS 99E08

15B13 168 725 LSHG 70E06

15B13 105 168 LSHG 40E07

ISB13 1712 725 LSHG 10EOS

15B13 1427 1847 LSHG 53E07

19D16 1781 675 GBG 33EOS Leakage around packer skewed results

19D16 15375 17475 GBG 60E06

19D16 132 153 GBG 25E07

19D16 1603 1813 GBG 37E06

Count 22

Maximum 33EOS cmsec

Minimum 99E08 cmsec

Average 29E06 cmsec

Geo Mean 47E07 cmsec

Median 27E07 cmsec

Standard Dev 72E06 cmsec

42 Groundwater in Alluvium

Groundwater is present in alluvium at depths ranging from near ground surface to over 30 feet Alluvium

in the vicinity of the mine is comprised of sand to cobblesized material and occurs as deposits of limited

thickness and aerial extent adjacent to Ralston Creek Alluvial groundwater has been studied in detail by

monitoring wells installed at 10 locations and by the collection of water level and water quality data over a

period of 26 years The locations of alluvial monitoring wells are shown in Figure 1 and Figure 2

Completion data for the monitoring wells are presented in Table 11 and well logs are provided in Appendix

C Hydrologic data are also available from four groundwater collection systems located in the alluvium

Groundwater collection systems are comprised of French drains and sumps which intercepted groundwater

and pumped it to the water treatment facility Sump locations are shown in Figure 10

WhetstoneAssociates
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Table 11 Completion Data for Alluvial Monitoring Wells

Well

ID

Completion
Date

Total

Depth
ft

Depth to

Bedrock

ft

Well

Construction

Screened

Interval

ft

Completion
De th to

Water
ft

MW00 11498 273 25 4PVC 169 269 1025

MW 1 111281 255 23 212PVC 17 22 7

MW2 111281 154 21 2 12 PVC 84 134 10

MW3A 61989 14 Not Penetrated 4 PVC 86 136 100

MW4 61689 389 363 2PVC 259 359 314

MWSR 11999 20 17 4 PVC 95 195 155

MW6 62089 15 13 2 PVC 5 15 40

3 5
MW7 62089 11 8 2 PVC 5 10

7 12 Dry
MW8 12890 12 10 PVC4

199 10
MW9 11999 192 16 PVC6

421 Thickness and Extent of the Alluvium

Alluvium along Ralston Creek ranges from 5 to over 30 feet thick in the vicinity of the mine In general

the alluvium is confined to the valley floor along Ralston Creek and pinches out at the eastern edge of

Section 25 near the property boundary where a natural constriction in the valley occurs Figure 4 This

choke point in the alluvium occurs where the valley narrows and its walls rise steeply from the creek bed

Bedrock is exposed along the width of the valley floor and groundwater previously flowing in the alluvium

is forced to the surface where it enters Ralston Creek Alluvium thickens again downstream from the

choke point Monitoring Well MW8 which is installed in the alluvium on the downstream side of the

choke point has always been dry

Alluvial monitoring well MW4 is also frequently dry as a result of its distal location on the southwestern

fringe of the alluvial system

422 Alluvial Permeability Tests

Hydraulic conductivity data for alluvium are available from single well permeability tests GeoHydro

Consultants 1982 laboratory permeability tests GeoHydro Consultants 1982 and a 72 hour pumping

test performed in 1999 in monitoring well MW9 Appendix D

GeoHydro performed falling head MW1 and rising head MW2 MW3 permeability tests to characterize

the hydraulic conductivity of alluvium adjacent to Ralston Creek The results Table 12 varied from 28 x

104 cmsec to 17 x 102 cmsec with an average value of 11 x 10z cmsec 286 ftday and a geometric

mean of 396 x 103 cmsec 112 ftday Laboratory testing indicated lower permeabilities than field

testing which is typical because the laboratory samples contained only the smaller grain size particles

rather than the complete distribution of particles in the sandy gravel

Table 12 Summary of Single Well Permeability Tests in Alluvium

Total Field Hydraulic Hydraulic

Monitoring Installation depth of Perforated Permeability Conductivity Conductivity

Well Date PVC Interval Test Method I

s ftd
ft ft eccm a

MW 1 11121981 240 170 220 Falling Head 280E 04 Y

79

MW2 11121981 154 84 134 Constant Head 170E02 8194

MW3 11131981 146 86 136 Constant Head 1 8
3

E0210 68

Mean 396E03 112

Geometric Mean

WhetstoneAssociates
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A 72 hour pumping test with a 24hour recovery period was performed in monitoring well MW9 during

the spring of 1999 The objective of the test was to determine the permeability of the alluvium and to

evaluate the hydraulic and chemical interaction between the alluvium and the creek MW9 was pumped at

a rate of 30 gpm and water levels were monitored in 7 observation wells and 4 sumps Pumping from the

sumps had been discontinued prior to the start of the test and water levels had recovered to 75 of the pre

pumping condition before starting the pumping test Flow in Ralston Creek was also monitored during

pumping The methodology results and analysis of the pumping test are presented in Appendix D

Significant conclusions from the pumping test include

1 The average hydraulic conductivity of alluvium in the vicinity of MW9 is 64 x 103 cmsec

2 The specific yield of the alluvium as determined from observation well MW6 is 002

3 The distribution of hydraulic conductivity in the alluvium is heterogeneous The observed

resistance to flow was greater upstream of MW9 than it was downstream of the well

4 The test did not appear to influence the chemistry of Ralston Creek or any of the wells or sumps

adjacent to the stream

423 Sump Pumping

Groundwater in the alluvium was intercepted and collected by four sumps which were installed in 19908

and operated until June 2002 The locations of the sump drains are shown in Figure 10 Water drained into

each sump by gravity and was pumped to the water treatment plant near the western end of the mine

facilities The water was treated and discharged into Ralston Creek under Colorado Discharge Permit

CO0001244 The last Discharge Monitoring Report DMR with discharge indicated was submitted on

June 29 2002

Sump pumping records provide an indication of the interconnection between Ralston Creek and the

alluvium and fill material Flow rates from the sumps were measured or estimated from 1995 to June 2002

when the pumps were shut off Monthly average pumping rates for the four sumps combined ranged from

35 to 404 gpm with an average of 104 gpm over the period of record Table 13 A decline in sump

pumping rates was observed from 2000 2002 which was most likely related to drought conditions

Monthly average sump pumping rates clearly correlated with monthly average precipitation rates Figure

129 A slightly weaker correlation exists between monthly sump pumping rates and monthly average flow

rate in Ralston Creek Figure 13 Figure 14 Although flow rates in the creek peak in May as did pumping

rates from the sumps the trend between creek flow and pumping rates differed during high flow spring

months from the trend during low flow months

s
Sump 1 went online in August 1990 sump 2 in April 1990 sump 4 in October 1990 and sump 3 went online January1992

v
It should be noted that Figure 12 was generated using 26 yeazs of precipitation data May 1978 November 2003 while the

sump pumping records span only about five years Some of the sump flow records contain only one or two flow measurements

exist for a given month Jan Feb Mar Sept Oct Nov Dec While a longer span of data might make the correlation stronger

the strong relationship between precipitation and sump flow and the weaker relationship between stream flow and sump flow is

significant

4109B071116
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Table 13 Sump Pumping Rates

Flow from Sumps gpm
r T r Smm I Sumo 2 Sump 3 Sump 4 Total Flow

pr95 4121995

lay95 511995

lun95 611995

Jul95 711995

pg95 1 811995

Sep95 911995

av96 5221996

Jun96 6141996

Jul96 711996

4ug96 811996

Sep96 911996

Apr97 411997

vla 97 511997

Jun97 611997

Jul97 711997

Au9g7 811997

Sep97 i 911997

Oct97 I 1011997

Nov97 1111997

Dec97 1211997

Jan98 1 1 1998

Feb98 211998

Mar98 311998

A r98 E 411998

Mav98 511998

Jun98 611998

Nov99 11171999

Dec99 12141999

Jan00 1272000

Feb00 212000

Maz00 312000

Apr00 412000

May00 S 512000

Jun00 612000

Jul00 712000

Au 00 812000

Sep00 912000

Oc00 1012000

Nov00 1112000

Dec00 1212000

Jan01 112001

FebOl 212001

Mar01 312001

Apr01 412001

Ma 01 I 512001

Jun01 612001

JulOl

01

712001

812001

l 1

997

266

259

194

185

174

1111997

1211997
92

111998
78

2t1998
73

311998
71

411998 107

511998
189

211

71999 4

II 44

91

65

1112000
46

1212000
53

l12001
48

212001
48

312001
55

Aug
SepOl 912001 10l2001

55

Oct01 1012001 1112001
45

50
NovOl 1112001 1212001

DecOl 1212001 I12002
45

Jan02 112002 212002
55

55
Feb02 212002 312002

60
Mar02 312002 412002

65
A r02 412002 512002 II 65

May02 512002 612002 1 1 1

i 55
tun02 612002 712002 I

0
Jul02

Min 35

Max 404

Average 104
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3 Seeps

Numerous seeps exist on and below mine property where groundwater surfaces at the contact of alluvium

and the underlying relatively impermeable hornblende gneiss unit The natural seeps below mine property

are located along the south side of the access road along the road cut bank where the alluvium thins and

groundwater is forced to the surface Numerous hydmphyllic grasses phreatophytes are associated with

these seeps Within the property boundary seeps have been observed emanating from depressions or luw

points in the alluvium and till

Historically a seep existed in the till near the mine parking lot The parking lot seep was removed when

the emergency storage ponds were reclaimed and the area was regraded Seeps also existed historically

near ti1W9 and Sump 3 This seep the Sump 3 Seep is still in existence as of fall X007 Water quality

in the seeps is discussed in Section 73

51 ConceptuIHdroloic Model

1he conceptual model for groundwater flow prior to mining is shoyn in Figure 1 Qefore 1953

groundwater in bedrock occurred in both local shallow and regional deep tloti systems Recharge to

groundwater occurred by infiltration of precipitation and snowmelt in the upper portions of the watershed

and either flowed in the shallow subsurface where it discharged into Ralston Creek or entered the deeper

regional system and flowed toward the eist F3ecause the deep bedrock is relatively impermeable most of

the infiltrating precipitation flowed in the shallow weathered bedrock in the upper 50 tt or less helow the

water table where permeabilities are somewhat higher At depth hydraulic gradients in bedrock were not

significantly influenced by Ralston Creek or other surface features
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Atter 1953 mining and dewatering operations altered the groundwater tlow regime and created a zone of

depression in the potentionetric surface around the mine Groundwater within the none of depression was

captured by the mine and pumped to the surface where it was treated and discharged to Ralston Creek The

capture zone around the mine was limited in aerial extent both vertically and horizontally because of the

relatively low permeability of the surrounding rock mass A diagram of the groundwater tlow system tlow

system during mining is shown in Figure 16

SW

ooo

esoo

soon

ssoo

x000

soo

X000

Figure 16 Conceptual Model of Groundwater FlowDuring Mining

l the ClStiallOn Ot pUlllplnt the underground working began to flood and groundwater levels in bedrock

began to rebound Groundwater levels and water in the mine pool have risen until they are near the

equilibrium static water level At the steady state level the post mining groundwater Clow system will he

similar to the premining system with very little Clow in the lowpermeabilit bedrock lhe mine voids

however will provide a permanent hydraulic connection throughout the rock matis in the mine area Figure

17
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Figure 17 Conceptual Model of Groundwater FlowPostMining

2 Mine Inllu

The first occurrence of groundwater in the Schwartzwalder Mine was recorded in 199 when an inflow of
17 gpm was encountered in the No 1 Shaft After 199 water was pumped from the mine as required to
nlalntaln dry working conditions but because the treatment of discharged water was not required no record
of mine pumping was kept until 19T Mine pumping records are available however from 1973 to 2000

Pumping from the lowest level of the mine was discontinued on May 19 1998 and the spiral decline
heriveen 2200 and 1900 feet was allowed to flood Pumping from the 19 Level was discontinued on

May 24 2000 and the mine has been tilling with water since that time

1 h111llllrRccorclc

Groundwater intlo to the mine between 1973 and 2000 varied from about 7 gpm to over 600 gpm
depending on mine development and construction activities Figure 18 Mine operations that affected the
rate of groundwater inflow and pumpage included

1 Ueepcning of shafts and mine expansion Typically higher inflows occurred during the initial
shaft sinking and mine expansion and decreased with time as water drained from storage in the
bedrock For example mine inflow increased from about 200 gpm in 197 to more than 600 gpm
in 1976 during sinking of the 3 shaft In the 2 years after the completion of the 3 shaft pumping
from the mine declined to a low of about 300 gpm
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Installation of drainagedewatering boreholes During the late 1970s and early 1980s drainage

from dewatering boreholes completed on the 19 Level increased mine intlow from about 300 gpm

to 600 gpm before declining to near 300 gpm again in 1981

Plugging of productive boreholes that intersect permeable pegmatites or fractures In 1994

boreholes that intersected pegmatite veins were grouted and mine intlow decreased from about 00

gpm to I i0 gpm
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Figure 18 Groundwater Inflow to the Schwartzwalder Mine 19731999

Much of the groundwater intlow to the mine from about 1988 through 1994 was derived from core holes

drilled into pegmatite dikes in the hornblendebiotitegneissH3GN on the1800A00 levels of the mine

The waterproducing boreholes were plugged and pressuregrouted in May 1991 This reduced intlow

from about 10 gpm to about 140 gpm Continued mining from 19941999 brought the average intlow rate

up to about 190 gpm The increased volume of the mine excavation after 1994 was partially responsible for

the observed increase in intlow but it is also likely that increased storage of water in the rock mass caused

by the grouting of boreholes which previously drained the area contributed to the observed gradual increase

in intlow In other words once the storage deficit had been met intlow to the mine gradually increased

fhe increase in inflow however was lower than the pregroutim flow rates Mine pumping data are

contained in Appendix E

Under dewatered conditions the intlow to the mine at its maximum extent 1991 1999 was 189 gpm

Given that the mine workings extend more than 000 feet below the premining potentiometric surface

this rate of inflow is small and reflects the overall low permeability of the rock mass

Mine pumping records hehveen 1991 and 1999 indicate that intlow rates to the mine vary seasonally with

the lowest average intlow occurring in February and March 180 gpm and the highest average intlow

41 u911071 116
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occurring in June 2Q9 gpm Figure 19 This pattern is consistent with the annual distribution of

precipitation shown in Table 2 and Figure h but comparison of peak precipitation and intiltration indicates

a lag time of approximately I month for precipitation to infiltrate into the mine If it is assumed that inflow

rates during February and March represent the infiltration to the mine during January and February when

the ground is frozen and intiltration is essentially negligible the average inflow to the mine by intiltration

of precipitation to the upper levels can be calculated on a monthly basis for the referenced time period

Table 1l

Table 14 Average Monthly Inflow to the Mine from Infiltration of Precipitation 1995 1999
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522 Sources ofInflow

During mining water inflow to the Schwartzwalder mine occurred from several sources including

infiltration of groundwater through porous bedrock infiltration of groundwater along faults fractures

pegmatites and other permeable structures and recharge by precipitation and surface water through

bedrock in the upper levels of the mine

The slow infiltration of groundwater through unfractured bedrock was a minor component of the total mine

inflow Packer permeability tests indicate that the primary hydraulic conductivity of bedrock is on the

order of 10 cmsec or lower Section412 If it is assumed that inflow to the mine is analogous to a large

well with a diameter of 500 feet and a depth of2200 feet the steady state inflow from unfractured bedrock

with a hydraulic conductivity of 1 x 10 cmsec can be calculated using the large well methods described

by Singh and Atkins 1985 Flow to the mine at its maximum extent can be approximated using the Theim

equation for steadystate radial flow to a well

2LKH
Q
lnRrn

where Q Volumetric inflow to the mine L3T
L Length of the well screen L
K Hydraulic conductivity LT
H Drawdown L
R Radius of influence L

rh Radius of the well bore or mine workings L

The inflow to the mine from unfractured bedrock at full depth is calculated to be 64 gpm or one third the

total flow to the underground workings based on the equation and assumptions stated above

Recharge to groundwater by infiltration of precipitation at the site is estimated to be about three inches per

year This estimate is derived from baseflow calculations for Ralston Creek Section 31 and water level

fluctuations in Monitoring well MW11 Section 411 Using the average annual infiltration rate of 88

gpm developed from mine pumping records the direct recharge capture area for the entire mine in the fully

dewatered condition is calculated to be about 568 acres

The recharge area captured by the upper workings Steve Level and above is narrowly defined by

topography and is estimated to be about nine acres Figure 20 Based on this area and the3inch per year

infiltration rate the average annual inflow to the upper workings is estimated to be about 14 gpm or about

733000 gallons per year

4109B071116
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lhe inflow history of the mine indicates that the majority of groundwater flows are associated with

localised structural features including the West Rogers and Illinois Fault Zones and pegmatite dikes

Sinkint of the Parker Winze now called the I Shaft reportedly encountered very little water until about

20 feet deep The 2 Shaft was completed to the 1200 Level without najor intlows before drifting and

drilling on the 1100 Level encountered significant water associated with pegmatites and the lllinois fault

system Cotter 2000 The 3 Shaft encountered large intlows 600 gpm on the 1800 Level which were

associated with pegmatites Drilling on the 1800 and 1900 Levels near the 3 Shaft also tiund the

pegmatites to he water bearing Plugging of the boreholes on the 1800 and 1900 levels in 1994 reduced

the shortterm intlow to the mine from about 310 to 140 gpm Significant groundwater was also

encountered by drilling on the west end of the 1600 level which penetrated the footwall of the West Rogers

Fault Fhe deepest orkings of the mine ere dry except for minor water associated with the 21 Vein a

conjugate fracture in the hanging wall of the West Rogers Fault Cotter 2000

3 Ohcnccl Rote uftiline Flunclig

Water level measurements have been recorded in the mine shafts since the mine started flooding in May

2000 Figure I The rates of water level rise have decreased over time with rather distinct inflection

points in the rate of refilling Figure

During the initial flooding of the 1900 and 1800 levels the mine pool rose at an average rate of 7 feet

per day Table li Flooding of the 1700 through mid1000 levets occurred at a slower rate with water

levels rising at an average rate of4 feet per day The mine pool rose at a fairly consistent rate of066 feet

per day from June 2001 to June 2003 and 038 ttday from September 2003 to October 2004 Rates slowed

to 029 ttday tFom October 2004 to luly 2006 and 00 ftdav from June 2007 to Jul 007 Table 15

Figure 22 lhe rate of rise slowed further to 0018 ttday from September to October 2007
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Table 15 Average Rate of Water Level Rise in Mine Shaft

Average

Water Mine
Change in

Ela sedP Rate

Date
Elevation Level

Elevation
Days of Rise

eft ftda

53000 46066 Bottom of1900 210 37 57

7600 48166 Bottom of1700

7600

6401

48166

5609 1

Bottom of1700 IMid 1 000
793 I 333 I 24

6401

62403

56091

6101 0

Mid 1000
Bottom of 500

4919 75011 066

9103 617867 Mid 400
1602 42400 038

102904 6338 9 Above 300

102904

71206

63389

6518 3

Above 300 Level

84 ft below Steve
1794 62100 029

61807

71007

656855

6573 04

338 ft below Steve

29 3 ft below Steve
449 2201 020

71007 657304 293 ft below Steve
118 1433 0082

72407 6574 22 28 1 ft below Steve

72407

82407

6574221

6574 943

Pumping 1 ft shift in

transducer
0 72 3083 0023

82407 6574943 274 ft below Steve
021 1217 0018

9507 6575 157 27 1 ft below Steve

9507

91407

6575157

6575 779

271 ft below Steve

26 5 ft below Steve
062 900 0069

91407

92507

6575779

6576 045

265 ft below Steve

26 3 ft below Steve
0 27 1067 0025

92507 6576045 263 ft below Steve
061 3347 0018

102907 6576 656 25 6 ft below Steve

Water level and inflow data were also evaluated as functions of mine volume and elevation to determine

how these variables affect the rate of mine flooding Mine void volumes by level are shown graphically in

Figure 23 Plots of the rate of water level rise and inflow against elevation and mine void volume are

presented in Figure 24 and Figure 25 Flooding data are summarized in Table 16

4109B071116
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Table 16 Mine Void Volumes and Observed Inflow Rates During Reblling

Level
Bottom

Elevation

ft

Top
Elevation

R

Void

Volume

ft

Rate of

Water

Level

Rise

ftday

Days to

Fill

Level

Calculated

Inflow

Rate

gPm

Above Steve 6602 6949 2568698

200 6479 6601 609236

300 6352 6478 669047 032 4402 87

400 6245 6351 498698 019 2993 47

500 6118 6244 756206 060 2383 187

600 5993 6118 985274 068 1838 278

700 5861 5993 2360088 063 2084 588

800 5764 5861 256162 088 1099 121

900 5660 5764 2284199 047 2200 539

1000 5556 5660 1013990 140 743 708

1100 5453 5556 784829 196 526 774

1200 5351 5453 458321 306 333 714

1300 5246 5351 621218 301 348 926

1400 5140 5246 125914 360 294 222

1500 5035 5140 1273234 257 408 1620

1600 4929 5035 1174644 185 572 1067

1700 4824 4929 1061254 217 483 1141

1800 4718 4824 213873 872 122 913

1900 4598 4718 3438490 222 542 3294

Notes Inflow rates for each level were calculated as void volume divided by time to fill

mine has not filled to top of level

Based on the observed rate of mine flooding and plots comparing the rate of inflow and rise in water level

to elevation and mine void volumes the following conclusions can be made

1 The plot of the water level in the mine versus time forms a smooth and predictable curve in spite of

large variations in mine volume between levels Figure 21

2 The average rate of rise of the mine pool decreased over time from 57 ftday during the initial

filling of the 1900 and 1800 levels to about 07 ftday during filling of the 900 to 600 levels and

about 03 ftday filling the 300 and 400 levels Above the 300 level the rate of rise of the mine

pool decreased from 029ftday to less than 0025 ftday

3 Changes in mine volume between levels does not appear to affect the rate of water level rise to a

significant extent The Rz correlation between the rate of rise and void volume is weak00819

with a negative slope

4 The volumetric rate of inflow has a moderate positive correlation with increasing mine volume RZ

04634 In other words the volumetric inflow gpm tends to increases or decrease with the

volume of the mine workings This relationship is probably a function of the increased effective

radius of levels with extensive workings which intercept groundwater over a larger area
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5 The rate of rise of the mine pool decreases as the elevation of the mine pool increases The RZ

correlation between rate at which the water level in the mine is rising and elevation has a negative

slope and is04672

6 The rate of inflow decreases as the elevation of the mine pool increases The Rz correlation

between inflow and the elevation of the mine pool has a negative slope and is05425

524 Projected Final Water Level

Although premining static water levels were not measured prior to development of the Schwartwalder

deposit in the 1950s the expected level to which water will rise in the flooded mine can be calculated

based on the observed inflow rates over time

Two known conditions are used in the calculation 1 dewatering mine inflow when the Schwartzwalder

was advanced to its furthest depth with pegmatite drillholes plugged and 2 pumping rates during the

pilot plant test in July and August 2007 with the pump set at 27 ft below the collar of the 2 shaft in the

Steve Level In both cases the flow was accurately measured and the pumping water level is known The

static water level is not known and can be calculated iteratively using the Theim steadystate equation for

Theim equation for steadystate radial flow to a well

2rLKH
Q

1nRrn

where Q Volumetric inflow to the mine L3T
L Length of the well screen L
K Hydraulic conductivity LT
H Drawdown L
R Radius of influence L

rh Radius of the well bore or mine workings L

Rearranging to solve for hydraulic conductivity K

QlnRrh
K

2rLH

Or to solve for drawdown

Q1nRrti
H

2rKL

The iterative calculation involves first solving the Theim equation for the hydraulic conductivity that would

produce the 1801 gpm observed average inflow from bedrock when the mine was fully excavated10 Next

a second Theim equation is solved for drawdown that would produce the 12 gpm observed during the pilot

plant pumping test with the pump set at 27 ft below the Steve Level shaft opening The equation is set up

to allow any drawdown up to a maximum of 342 ft the height of the hillside directly above the 2 shaft on

the Steve Level plus the depth of the pump below the collar The calculated drawdown is then used to

determine the saturated thickness L in both equations The two equations are solved iteratively for K H

and L

10
Average inflow at full depth was 1889 gpm after the pegmatite coreholes were plugged and the initial storage deficit was met

Given 88 gpm average infiltration from surface the yield from bedrock was approximately 1801 gpm
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The calculation indicates that an overall bedrock permeability of28x10 cmsec would yield the inflows

from bedrock observed at the full extent of mining Table 17 This is higher than bedrock permeabilities

measured from underground packer tests but likely to represent the composite hydraulic conductivity of

fractured and unfractured bedrock around the mine Using this hydraulic conductivity value the dawdown

was calculated to be 146 ft below the static water level during the pilot plant pumping test which indicates

that the static water level is about 12 ft below the Steve Level or at an elevation of 6590 ft NAD 27 This

simulation suggests that groundwater from deep bedrock will not discharge from the Steve Level adit since

the final static water level will be about 12 ft below the adit

Table 17 Calculation of Final Static Water Level in the Flooded Mine

Case I Fully Mined Dewatered 1990 1995
Saturated Thickness ft
Hydraulic Conductivity cmsec
Drawdown ft
Yield ft3day
Yield gpm
Target yield gpm

Case II Refilling Pilot Plant pumping test July Aug

2007
Saturated thickness ft
Static Water Level wrt datum

Saturated Thickness ft

Hydraulic Conductivity cmsec
Drawdown below static water level ft
Yieldftday
Yield gpm
Target Yield gpm

2188
28E07

2188

34672
1801

1801

2188
0

2188
28E07

146

231

12

12

This calculated final water level elevation is consistent with the slowing rate of water level rise over time

Figure 22 At the September 2007 rate of water level rise 0025 ftday up to 560 days could be

necessary for water level to reach the calculated static Transient effects such as infiltration during wet

cycles could accelerate this rise Conversely the rate of rise may slow as the water level in the mine

approaches equilibrium and it may take longer than April 2009 to reach this static level

Downward seepage from the upper workings during particularly wet months could temporarily increase

water levels in the mine above this calculated static water level When the mine was fully dewatered at its

maximum depth from 1995 1999 the highest monthly infiltration from precipitation was estimated at

28 gpm during June and 88 gpm on an annual average However now that the mine has substantially

filled the cone of depression in the saturated rock mass has a smaller capture area Section 0 Figure 20

and infiltration through the upper workings in this area is believed to average less than 15 gpm Flows

from individual seeps in the upper workings measured in 1999 were generally less than 025 gpm during a

wet spring Therefore seasonal conditions are not expected to result in any significant transient head

buildup above the static water level
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53 Evaluation of the Hydraulic Connection Between Ralston Creek and the Mine

Ralston Creek does not appear to be in strong hydraulic connection with the Schwartzwalder Mine based

on stream flow rates mine pumping rates and isotopic comparison of mine water and surface water

531 Evidence from Stream Flow Data

Stream flow data for Ralston Creek above the reservoir indicate that the monthly average low flows in the

creek are about 16 cfs Section 31 and the creek is often dry above Ralston Reservoir Near the mine

however the creek has seldom if ever been dry even while the mine was pumping at its maximum flow

rate Shutting off the mine pumps has had no detectable affect on flow rates in Ralston Creek

532 Evidence from Mine Pumping Rates

Pumping rates from the underground mine were low considering the depth of the mine and extent of

workings The highest inflows occurred as during the sinking of new shafts or rapid development of

stopes These activities led to increased water flow to the mine Figure 18 which decreased over time as

the storage in the rock mass was drained If a strong and direct hydraulic connection with Ralston Creek

existed inflow to the mine would be lower than the observed inflow rates of 140 to 600 gpm with an

average of around 190 gpm

533 Stable Isotopic Analysis ofMine Water and Ralston Creek

The potential for hydraulic connection between the mine and Ralston Creek was evaluated using the

radioactive isotope of hydrogen tritium 3H and stable isotopes of oxygen and hydrogen 160180 IHzH

A total of 6 water samples were collected for this analysis One sample was collected from Ralston Creek

near the mine Five samples were collected from various locations in the underground mine Sample

locations and analytic results are summarized in Table 18

Table 18 Summary of Isotopic Data for Water Samples

Sample Date Location H O
a

H

TU 0S SD

RC980820 82098 Ralston Creek near mine 124 142 108

779DH 82098 700 Level pool 145 160 120

1730 Drift 82098 1700 Level drift 143 155 114

19DDH46 82098 1900 LevelDH19D15Fe 60 147 110

19DDHMn 82098 1900 Level DH19D16Mn 42 146 109

19JOS2026 82098 1900 Level Johnson Ore Shoot 31 145 108

Analyses of oxygen and hydrogen isotope ratios in water samples can be compared to ratios observed in

meteoric water to identify the probable source of underground water Isotopic data are typically reported as

5180 and SD which are defined as

18O16Osamplelg0160standard
8 18p x 1000

llg16Ostandard

8 D
ZHlHample zHIII standard

x 1000

ZHlHstadad

The flow is the sum of the flow at the gage above Ralston Reservoir and withdrawals at the Long Lake diversion which takes

water from Ralston Creek above the Stream gage
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and represent the relative difference in abundance of the isotope in the sample per mil parts per thousand
compared to standard mean ocean water SMOW

The isotopic composition of water samples was evaluated using the standard format which plots SRO
against 8D and compares the resultant position against the meteoric water line Figure 26 The meteoric
water line is described by the equation dDBo010 and represents isotopic fractionation by atmospheric
processes Drever 1988 Waters that differ significantly from the isotopic compositions observed for
meteoric waters are generally interpreted to have had lung residence tunes as groundwater

Stable Isotope Analysis

t rp

tos

ao f

Meteonc Water Une t 9QDh4
115

y 8x 10
t 9DDM

JoM aon pre Shoot

110
Rateton Cr

co eki vai se nrn
725

17 t65 te 15S t5 145 14

S1p

Figure 26 Stable Isotope Evaluation of Water Samples

All of the water samples plot close to the meteoric water line which indicates a meteoric origin tier the
infiltrating mine water In general the isotopic composition of the water has been relatively unaffected byits transit through the rock mass suggesting that the water infiltrated quickly and moved to depth from
surface recharge areas

Mine water samples are isotopically lighter than water from Ralston Creek This fractionation could occur

tiom differences in elevation hehveen source areas for the mine water and Ralston Creek by evaporation of
the lighter Inactions from the stream or by contact of Ralston Creek Water with atmospheric carbon
monoxide and carbon dioxide Drever 19881 All of these mechanisms work to increase the isotopicallyheavier fraction in surface water In general the isotopic composition of precipitation at a given location is
approximately constant but it varies from season to season and from one rainstorm to another An
alternate explanation for the fractionation observed between mine water samples and Ralston Creek would
he that water in the mine is derived from infiltration of meteoric water that tell during a different season
than the water in the creek

Although the stable isotope analyses indicate that mine water is of certain meteoric origin isotopic
differences behveen the mine water and water in Ralston Creek suggest that Ralston Creek is not the direct
source of the underground water In particular the isotopic composition of water sampled from the 70U
and 1700 level arc notably lighter than water in Ralston Creek Samples collected fron the 1900 level and
the lohnson Ore Shoot are less definitive

1 I i Its 13u I I I
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534 Tritium Dating ofMine Water

Tritium occurs naturally in the atmosphere but by far the most important source of tritium in meteoric

water is from nuclear testing between 1952 and 1969 Prebomb tritium levels in rainwater averaged about

10 TU Dreyer 1988 During the 1960s tritium levels in the atmosphere spiked above 103 TU before

decaying to the current level of about 10 to 15 TU Tritium has a half life of 123 years and is not formed

in the subsurface

Water that entered the groundwater system at any time during the last 50 years has approximately the same

tritium concentration as meteoric water today because of equivalent rates of radioactive decay in the

atmosphere and subsurface Meteoric water that entered the groundwater system prior to 1952 had an

initial tritium concentration of about 10 TU which will have decayed to less than 06 TU today

Groundwater that infiltrated after 1952 have tritium concentrations of about 10 to 15 TU Groundwater

with tritium concentrations between about 06 and 10 TU indicate mixtures of pre 1952 and post 1952

water or result from subsurface ionic fractionation which is rare

Results of the tritium analysis returned a value of 124 for Ralston Creek This value is typical of

precipitation and suggests that the water in Ralston Creek was recent precipitation andor groundwater

baseflow with a residence time of less than 52 years

Water samples from the 700 and 1700 levels had tritium concentrations of 145 and 143 respectively

These values indicate that the water infiltrated from meteoric water less than 52 years ago Tritium

concentrations for water samples from the 1900 level varied from 31 to 60 TU and indicate a mixture of

old pre 1952 and new post 1952 water Based on these results it is reasonable to conclude that the pre

mining groundwater at the 1900 level was more than 52 years old and that vertical flow induced by

pumping from the mine induced younger water to be drawn down to the 1700 Level and below During

operation the mine would have acted as a 2000 foot deep well that increased the velocity of flow toward

the mine and reduced the transit time of infiltrating meteoric water Under the premining condition

however a much longer transit time would have been required

In short the tritium data do not definitively indicate the presence or lack of a hydraulic connection between

Ralston Creek and the mine Under dewatered conditions the transit of meteoric derived water to workings

above the 1700 Level is documented to be less than 52 years Transit of water to the deeper portions of the

mine is more lengthy with a substantial component of the water infiltrating at the surface before 1952

535 Summary

A strong direct hydraulic connection between Ralston Creek and the Schwartzwalder Mine is not indicated

by the available evidence However a weak hydraulic connection may exist so that while some water may

have flowed from the creek into the mine during dewatering flows from the creek to the mine were small

and controlled by the inherent low permeability of the rock mass28x107 cmsec average bulk hydraulic

conductivity The low permeability of the bedrock limited flow from the creek into the mine and

dewatering the mine did not drain Ralston Creek

6 SURFACE WATER QUALITY

The water quality in Ralston Creek is affected by natural runoff and groundwater inflow upgradient

abandoned mines the fill materials in the valley at the Schwartzwalder mine and previously by discharge

from the Schwartzwalder water treatment plant The magnitude of loading from these sources was

evaluated by studies performed during 1998 and 1999 and by previous investigations
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61 Surface Water Quality Standards

611 Discharge Permit Limits

The discharge permit CO0001244 issued by the State of Colorado listed effluent limits for water

discharged from the water treatment plant operated at the site Those limits included specific metals

uranium0776 mgL and radium 226228 3 pCiL as shown in the following table

Table 19 Discharge Permit Effluent Limitations

Effluent Parameter

Effluent Limitations

Maximum Concentrations

30Da Avera a Dail Maximum

Flow MGD 0288 Re ort

COD m 1 100 200

Total Sus ended Solids TSS m 1 20 30

Potentiall Dissolved Uranium u 1 776 1243

Radium 226 228 total Ci1 3 10

H su minimummaximum NA 659 d

Oil and Grease m 1 NA 10 d

Total Recoverable Antimon u 1 6 Re ort

Boron m 1 075 Re ort

Total Recoverable Chromium u l 11 16

Potentiall Dissolved Co r u 1 54 77

Potentiall Dissolved Silver u 1 0027 073

Potentiall Dissolved Zinc u l 71 71

Weak Acid Dissociable C anide u 1 NA 5

Fluoride m 1 NA 2

Totak Recoverable Thallium u 1 05 NA

Whole Effluent Toxici Chronic Lethali

Cerioda hnia s ecies NA IWC 100

Fathead Minnow Pimephales promelas NA IWC 100

The discharge permit applied to the single discharge point Outfall 001 the pipe at which water from the

treated water retention pond was released to Ralston Creek In the 29 reporting periods leading up to the

discharge permit renewal in 2005 CDPHE identified only four limit excursions pH 1 event thallium 1

event silver 1 event and ceriodaphnia WET test results 1 event The Discharge Monitoring Reports

have reported no discharge since the water treatment plant was shut down in June 2002

612 Stream Standards

The Colorado Department of Public Health and Environment CDPHE Water Quality Control

Commission WQCC has published instream water quality standards for this reach of Ralston Creek

Located in the Clear Creek Basin Reach 17b includes the mainstem of Ralston Creek from the source to

the outlet of Arvada Reservoir including Ralston Reservoir and Upper Long Lake SCCR 100238

Regulation Number 38 SCCR 100238 lists the specific numeric standards for Stream Segment 17b while

Regulation Number 31 SCCR 100231 gives the basic stream standards and methodologies applicable to

all state waters

The applicable water quality standards for cold water biota in Ralston Creek Stream Segment 17b are listed

in Table 21 Acute and chronic standards for metals are based on dissolved concentrations except where

noted otherwise in Table 21 The numeric criteria for cadmium chromium III copper lead manganese

nickel silver uranium and zinc are hardness dependent and are calculated according to the following

equations
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Cacnte WER emtnHbA v
L1i

molnFlhc
Cchronic WER e KC

where WER Water effect ratio

mA Metalspecific constant for acute toxicity eg mA for uranium is11021

m Metalspecific constant for chronic toxicity egm for uranium is11021

H Hardness mgL as CaCO3
bA Metalspecific constant for acute toxicity eg bA for uranium is27088

b Metalspecific constant for chronic toxicity eg b for uranium is22382

K Freshwater conversion factor

The numeric criteria shown in Table 21 have been calculated based on a hardness of 163 which is the low

flow average at station SWBPL since sump shutoff in June 2002 The calculation assumes a water effect

ratio WER of 10 unless otherwise noted

The uranium standard of 40 pCiL0059 mgL applies at a water supply intake Elsewhere the hardness

based aquatic toxicity standards apply Using a hardness of 163 mgL the acute toxicity standard for

uranium is 412 mgL and the chronic toxicity standard is 257 mgL

The hardness value used in calculating numeric criteria is the average of the calculated hardness values for

station SWBPL during low flow months from June 2002 to February 2007 The use of average of

hardness values during lowflow season is in accordance with the CDPHE WQCCs Basic Standards and

Methodologies for Surface Water Document 5 CCR 100231 Table III footnote 3 At Station SW

BPL the lowflow season occurs between July and February Hardness values were calculated from

magnesium and calcium concentrations and the calculated values were similar to laboratorydetermined

hardness values when reported by the lab Because values for many analytes including calcium and

magnesium were different before and after the sump shutoff only data from post sump shutoffwere used

to determine the mean hardness value used in the numeric criteria calculations Calculated hardness values

for these distinct periods are presented in Table 20
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Table 20 Determination of Hardness Values Used in Calculating HardnessBased Aquatic
Standards

Pre sum shutoff
Calculated

Harduess

mgL as

Date CaCO3

Post sum shutoff
Calculated

Harduess

mgL as

Date CaCO3

Post sum shutoff low flow

Calculated

Harduess

mgL as

Date CaCO4

102098 149 62502 194 123102 352

111998 153 123102 352 13103 305

121798 121 13103 305 22703 222

11999 123 22703 222 72903 258

21599 160 32603 112 73103 146

122100 108 42903 46 92603 165

12901 172 52203 49 103103 138

22801 119 62303 88 112503 112

32701 89 72903 258 121603 123

41801 69 73103 146 12304 123

52901 68 92603 165 22504 93

611901 115 103103 138 72904 86

71101 110 112503 112 83004 76

82401 153 121603 123 92904 90

91701 121 12304 123 73105 221

102401 137 22504 93 83005 214

112701 128 33004 103 113005 138

121801 126 42804 69 123105 103

1 2202 166 53104 117 22706 123

22602 202 62904 106

32602 115 72904 86

42402 111 83004 76

52802 104 92904 90

32205 93

53105 62

62205 73

73105 221

83005 214

113005 138

123105 103

22706 123

32907 72

Avera e 127 Avera e 133 Avera e 163
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Table 21 Water Quality Standards for Ralston Creek Stream Segment 17b

STREAM SEGMENT DESCRIPTION

REGION 3

BASIN Clear Creek

STREAM SEGMENT 176 Mainstem of Ralston Creek from the source to the inlet of Arvada Reservoir including Ralston Reservoir and Upper Long

Lake

DESIGNATION UP

QUALIFIERS WaterFish Organics
CLASSIFICATIONS Aq Life Cold 2 Recreation la Water Supply Agriculture
NUMERIC STANDARDS

Basis of calculated standards
7 06 los u wflow average at SWBPL post sump shutoff

PII
T 125 C lowflow average at SWBPL post sump shutoff

Hazdness 163 mgL lowflow average at SWBPL post sump shutoff

Physical and Biological acute chronic

DO 60 mgL

DO sp 70 mBq

py 65 90 SU

F Coli 200IOOmL count

E Coli 126100mL count

Inorganic
Ammonia 228 577 elsp mgL as N total

Chlorine 0019 0011 mgL total residual

Cyanide 0005 mgL free

Sulfurs 0002 m8fl

Boron 075 mSfl

Nitrite 005 mgL

Nitrate 10 mgL

Chloride 250 m8q

Sulfate ws 250 mBfl

Metals
750 87 ugL total recoverable

Aluminum
50 ugL total recoverable

Arsenic

Cadmitun 260111tr 061121 ugL dissolved

Chromium lll 50 ugL total recoverable

Chromium VI 16 11 ugL dissolved

Copper 213 136 ugL dissolved

dissolved wsIron 300 gL dissolved

total recoverableIron 1000 gu total recoverable

Lead 10951 427131 ugL dissolved

Manganese 3513 1941 ugL dissolved

Manganese ws 50 ugh dissolved

Mercury Total 0

78 6

ugL
ugL

total

dissolved
Nickel

Selenium

7079

00184 00046 ugL dissolved

Silver 47051 074 ugL dissolved

Thallium 1500 ugL dissolved

Uranium 4116 2571 ugL dissolved

at the intakeUranium 40 pCiL dissolved

at the intakeUranium 0059 mgL dissolved

Zinc 217461 188511 ugL dissolved

Radionuclides
l50 pCiL total

Americium 241
80 pCiL dissolved

Cesium 134

Plutonium 239 and 240 015 pCiL total

Radium 226 and 228 5 PCi2 total

Strontium 90 8 pCiL total

Thorium 230 and 232 60 pCiL total

Tritium 20000 pCiL dissolved

NOTES

Standards from Colorado Administrative Code SCCR 100231 and SCCR 100238 effective July 1 2007

Values in this table calculated using a water effect ratio WER of 10 unless otherwise noted

Required by sitespecific standards

sp spawning standard

elsp early life stages present

ws water supply standard

tr trout standard

I Cadmium KA 1136672 Inhardness x0041838 0924

2 Cadmium KC 1101672 Inhardnws x0041839 0889

3 Lead KA 146203 Inhardness x0145712 0720

4 Lead KC 146203 Inhardness x0145712 0720

5 Silver KA 05

6 Zinc KA 0978

7 Zinc KC 0986

Equation for Ammonia acute standard is based on salmonids present 0275110303u390110u20J

Equation for Ammonia chronic standard is based on elsp 285 x00577I10Oaau390110n688 when T 2215
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62 Previous Studies of Surface Water Quality

The USGS and others have performed several studies of water quality in Ralston Creek Most of these

studies were associated with the Schwartzwalder Mine discharge permit

YangZ and Edwards13 1984 collected water samples and bed sediment samples from Ralston Creek and

Reservoir during the winter of 1980 and spring of 1981 for uranium and radium analyses They determined

that the concentrations of uranium and radium in Ralston Creek 400 feet upgradient of the Schwartzwalder

mine were 40 mgL and 013 pCiL respectively

RG Otto Associates 1984 performed a detailed survey of surface and groundwater quality to assess

the impact of runoff and seepage from the waste rock piles on the water quality in Ralston Creek Surface

water samples were collected upstream and downstream of the waste rock piles and groundwater samples

were collected downslope of the disposal site from September 1983 through August 1984 The study

concluded that the waste rock piles had no measurable impact on water quality in the stream with the

possible exception of stream uranium levels The uranium data were inconclusive for determining impact

and the uranium levels in Ralston Creek downstream of the waste rock piles were well below the Colorado

Basic Stream Standards

63 Surface Water Sample Stations

631 Compliance Monitoring Stations

Monthly reporting of water quality in the treatment plant discharge water is required under Cotters NPDES

discharge permit In addition water quality has been monitored monthly 1990 to 2006 and quarterly

January 2007 to present at the designated point of compliance in Ralston Creek Station SWBPL and

the results are submitted in an annual report to the Division of Reclamation Mining and Geology DRMG

632 AdditionalNonRoutine Sampling

In addition to the compliance monitoring point in Ralston Creek SWBPL five other stations have been

monitored monthly from 1990 to 2002 and periodically monthly to semiannually from June 2002 to

September 2007 These stations are currently on a quarterly sampling schedule The purpose of these

samples was to understand upstream sources further characterize the creek and at station SWARH to

evaluate the potential effects of an ore truck spill on the creek

Two of the stations are located above the point of compliance The uppermost station is located in Ralston

Creek above the waste rock dumps SWAWD The second is located above the former water treatment

plant discharge location SWA001 Three of the stations are located downstream of the point of

compliance SWARH SWFBRG and SWLLHG which is located on Ralston Creek at the Long Lake

Head Gate approximately 15 miles downstream from the Schwartzwalder Mine

The period of record extends from approximately 1973 to the present14 The data set contains dissolved and

total uranium and radium as well as field parameters temperature pH conductivity and dissolved

oxygen A longer suite of parameters is analyzed approximately annually at these stations as discussed

Section 65

iz Affiliated with the USGS at the time
13 Affiliated with the Colorado School of mines at the time

14
The surface water quality data evaluated for this report ranges from 1998 or 1990 for uranium to September 2007
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Table 22 Compliance Monitoring Stations andNonRoutine Sampling Stations in Ralston

Creek

STATION

I NORTHING I EASTING I ELEVATION
NAME

SWLLHG 72687363 206566122 63580

SWARH 72959023206421064 63580

SWFBRG 73170086 206381907 64600

SWBPL 73210523206306876 65090

SWDIS001 7334060 20612990 65850

SWA001 73365046 206115305 659057

SWAWD 734870020598500 66399

SWAbv Pl

DMENA 735830020563600 67900

SHFTMENA 735960020558500 68350

UMENA 7359400 20553800 68150

Note Coordinates in NAD 27 Stations listed in order from downstream to upstream

DESCRIPTION FREQUENCY

Long Lake Head Gate i Monthly

Above Red Hill Variable

First Bridge Variable

Below Property Line Monthly

Above Discharge Pt A001 I Months

Above Waste Dump Valble

Above Plant Site Variable

Downstream of Mena Variable

Mena Shaft

Upstream of Mena

Variable

Variable

633 1998 1999 Baseline StudyData

Water quality in Ralston Creek was measured approximately monthly at 10 stations during the baseline

data collection period from 19981999 The 10 stations are listed in order from downstream to upstream in

Table 23 The analytical suite included constituents for which drinking water Maximum Contaminant

Levels MCLs and Colorado instream water quality standards existed at the time

Table 23 Surface Water Quality Sampling Stations From the 19981999 Baseline

Hydrology Study

STATION NORTHING EASTING ELEVATION DESCRIPTION

SWLLHG 72687363 206566122 615500 Lon Lake Head Gate 15 miles downstre

SWBPL 732105 23 2063068 76 6508 97 Below Property Line near M

SWGS 732466 73 2062546 19 6533 43 Guard Shack near M

SWBOS 696 77732 2062307 12 6543 6015 Below Ore Sorter near M

SWOS 90210732 206210241 655192 Ore Sorter Lupstream from Sump3

SWPL 73308871 206174442 656394 Parkin Lot near MW3A

SWBDIS 73333616 206147631 657734 Below Dischar e

SWA001 733650 46 2061153 OS 6590 57 Above Discharge upstream of culvert

SWUC 734 32815 2 06030099 661808 U er Culvert u stream of culvert

SWUr 735102 33 205915321 666082 Urgradient 01200 E of ro Bounda

i5 Elevation is approximate within 1 ft for station SWBOS
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64 Potential Loading Sources

641 Upgradient Sources

The water quality in Ralston Creek is affected by upgradient sources including the Mena and Northstar

Mines Neither of these properties have been owned or operated by Cotter Corporation The flow

conditions and water quality from the Mena Mine were investigated in 1999

The Mena Mine is located approximately 2 miles upstream of the Schwartzwalder Mine The Mena Mine

shaft is 5090 feet deep The mine consists of a north drift and a south drift each of which extends 100200

ft The water level in the Mena mine has at times reached creek level but is often 1520 feet below the

portal

Water quality samples have been collected in the creek downstream and upstream of the mine and in the

mine shaft itself These data indicate that total uranium increases very slightly from upstream to

downstream while dissolved uranium concentrations in the creek are unaffected by the mine The

concentrations of most other parameters in the creek including total alkalinity pH conductivity TDS Ca

Mg Cl and NH4 are apparently not significantly affected by the Mena mine Slight decreases in sulfate

and iron and increases in TSS are apparent The sampling results are provided in Appendix F

642 Alluvium and Fill

Four sumps were operated in the alluvium and fill adjacent to Ralston Creek Figure 10 The sumps

operated from 1990 to June 2002 and were designed to limit direct seepage of uraniumimpacted water

from the alluvium into the creek During operation the sumps were effective in reducing uranium loading

to Ralston Creek because alluvial groundwater with higher concentrations of uranium and other dissolved

solids was drawn into the sumps and prevented from interacting with water in the creek

The effect of groundwater in the alluvium and valley fill on water quality in Ralston Creek was evident

when the sumps were shut down Two shortduration sump shutdown tests were conducted in 1998 and

1999 and the sumps were permanently shut down in June 2002 The sump shut down tests Appendix G

indicated that water quality in Ralston Creek would be affected after the sumps were permanently shut

down The permanent shutdown of the sumps resulted in an initial flush of higher concentrations which

have generally decreased over time as described in Section652

643 Mineralized Bedrock

Naturally mineralized bedrock is an additional potential source of loading to Ralston Creek In addition to

potential contributions from upgradient mines listed in Section 641 Ralston Creek flows across the

mineralized Illinios Fault zone upstream of the Schwartzwalders Pierce and Steve Adits and other

mineralized areas downstream of the mine property Radiometric readings in the area drained by Ralston

Creek are shown in the USGS map prepared by EJ Young 1985 Figure 27
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65 Ralston Creek Water Quality

Water quality in Ralston Creek is affected by runoff from the drainage basin groundwater inflow

upgradient abandoned mines fill material in the valley at the Schwartzwalder Mine site and prior to June

2002 discharge from the mines water treatment plant The backgroundwater quality and the magnitude of

these loading sources was evaluated during the 19981999 baseline hydrology study in previous studies

and more recently with the latest water quality sampling results for the creek

Water in Ralston Creek upstream of the Schwartzwalder Mine is acalciumbicarbonate type water with

low levels of TDS averaging 140 mgL Most metals are below detection at upstream monitoring stations

SWUP SWUC SWAWD and SWA001 Table 24 Uranium at upstream stations SWAWD and SW

A001 have never exceeded the water supply intake standard of 40 pCiL or 0059 mgL Figure 34 or the

instream aquatic toxicity standards Although water quality in Ralston Creek changes with distance

downstream of Stations SWAWD and SWA001 as the creek flows across the mineralized zone and past

the property the applicable standards for uranium and trace metals have seldom been exceeded as shown

in the following table Dissolved uranium has not exceeded the chronic or acute hardnessbased aquatic

toxicity standards in any of 98 samples analyzed Total mercury exceeded chronic aquatic standards in one

of 51 samples dissolved iron in one of 60 samples and total iron in one of 45 samples Total aluminum

exceeded the chronic aquatic toxicity standard in 9 of 52 samples while the acute standard was exceeded

only once

Parameter Units Summary Statistics
Aquatic Standazds based on average

hardness at SWBPL
Number of Exceedences

if C
of Sam les of ND ND Acute Chronic of Acute c

O
tuno

16 0 0 65 90 65 0 0pH
Nitrate Nitrogen

su

mgL 10 3 30 10 1

5 77 0

0

0

Ammonia total mgL 10 3 30 228

250 250 0 0

Sulfate

Chloride

m L

mgL

71

70

0

0

0

0 250 250 0 0

9

Aluminumtotal mgL 52 41
0790 075 0087

0

Arsenic total mgL 54 54 100 005
O 75 0 0

Boron total m 3 3

6

100

100

075

00260 000061 0 0

Cadmium dissolved mgL 6

6 6 100 0016 0011 0 0

Chromium dissolved mgL
1 100 0050 0005 0 0

Cyanide total mgL 1

75 63 84 00213 00136 0 0
Co er dissolved m

0 3 1

Iron dissolved mgL 60 40 67
1 1

Iron total

l di

mgL
Lm

45

8

11

8

24

100 01095 000427 0 0
vessoLead d g

54 54 100 01095 000427 0 0

Lead total

dissolvedManganese

m

mgL 72 62 86 3513 1941 0

0

0

0

Manganese total mgL 51 36 71 3513 1941

0 1

Mercury total mgL 51

8

50

8

98

100 07079 00786 0 0

Nickel dissolved
dissolvedSelenium

m L

mgL 8 8 100 184EOS 00000046 0 0

0

dissolvedSilver mgL 9 9 100 00047 000074 0

0

Thallium dissolved mgL 77 77 100

80 21740

0015

01885 0 0

Zinc dissolved m 10 8
5712 0 0

dissolvedUranium mgL 98 0 0 4116
0

Uranium suspended mgL 64 34 53 4116 2571

5712

0

0 0

Uranium total mgL 2 0 0 4116
5 0 0

Radium226 dissolved pCiL 65 14 22 5

5 0 0

Radium226 sus nded CiL 61 41 67 5

Aluminum standard based on total recoverable concentrations

4109B071116
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651 Water Quality During Operation of the Sumps and WTP

While the sumps and water treatment plant were operating the TDS in Ralston Creek increased to about

250 mgL and the water changed to acalciummagnesiumsodiumbicarbonate water as Ralston Creek

passed the mine site Figure 28 TDS concentrations varied seasonally Figure 29 and were generally

highest during the winter months and lowest during the spring months Bicarbonate and sulfate were the

dominant components of TDS in Ralston Creek adjacent to and below the mine site Figure 29 Sulfate

concentrations averaged 20 mgL upstream of the mine and 68 mgL downstream of the mine and did not

exceed the water quality standard of 250 mgL in any of the samples analyzed

The shift from acalciumbicarbonate type water to acalciummagnesiumsodiumbicarbonate type water

was evident in the Piper diagram of average water quality at 14 stations 13 stations in Ralston Creek plus

the treatment plant discharge Stations SWUP SWUC SWAWD and SWA001 plot in a single cluster

in the cation field of the Piper diagram Figure 30 while stations SWBDIS SWOS SWBOS SWGS

and SWLLHG plot in separate cluster The discharge water Station SWDIS001 had lower calcium and

higher sodium than the upstream and downstream waters Table 24

Minor ions and trace metal concentrations remained essentially constant upstream and downstream of the

mine with the exception of uranium and molybdenum Most trace metals were below detection at all

sample stations Uranium increased from about0003 mgL upstream of the mine to about0006 mgL near

the downstream property boundary Table 25 well below the drinking water intake standard of0059

mgL 40 pCiL and the hardnessbased aquatic toxicity standards Molybdenum increased from below

detection 1 mgL above the mine to about 03 mgL below the mine No surface water standard has been

established for molybdenum

While the sumps and water treatment plant were operating the increases in TDS sulfate magnesium

sodium uranium and molybdenum as Ralston Creek passed the mine site were due to treated discharge

which entered the creek at flow rates of 200 350 gpm 045 078 cfs The discharge water contained

sulfate concentrations of about 500 mgL sodium concentrations of about 150 mgL and magnesium

concentrations of about 50 mgL

652 Water Quality After Turning off the Sumps and WTP

After the sumps were permanently shut down and the water treatment plant stopped discharging the major

ion concentrations in the creek near the mine site increased for several months then decreased to about half

the longterm average concentrations then increased to about 50 above the longterm average Figure 31

and again began to decline Uranium concentrations followed the same trend as sulfate bicarbonate and

TDS Figure 32 indicating that the processes that generate TDS in the creek initial sump flushing

seasonality and possibly surface disturbance also control uranium The effect of seasonality on water

quality in Ralston Creek became even more evident after the sumps and water treatment plant were shut

down Figure 29

The initial increase in uranium and major ions after the sumps were shut down was due to a first flush

phenomenon as water in the sumps and alluvium came into contact with Ralston Creek for essentially the

first time The low concentrations in Spring 2003 2005 2006 and 2007 are the result of seasonal flushing

and dilution The second July 2003 and third July 2005 increases in concentration also could have

resulted from regular seasonal variation in creek water quality which was previously masked by discharge

from the water treatment plant into the Ralston Creek Uranium concentrations in 201 samples collected at

Station SWBPL from January 1990 to September 2007 indicate distinct seasonality with concentrations at

their lowest in the spring and highest in the winter

Ralston Creek has been monitored for uranium at stations SWAWD SWBPL SWARH and SWLLHG

regularly for nearly 18 years The results are shown graphically in Figure 34 through Figure 36 The

concentrations of uranium and other constituents in surface water from 1998 2007 were presented in

4109B071116
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Table 24 Table 2G presents uranium data from 1990 2007 The highest uranium values were observed in
January 2003 approximately six months after the sumps were shut down when creek tlows were at their
lowest
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TABLE 24 WATER QUALITY IN RALSTON CREEK

1998 2007

STATION SWUP

SWUP SWUP SWUP SWUP SWUP SWUP SWUP SWUP SWUP SWUP SWUP MIN MAX MEAN MEDIAN COUNT ND ND

112498 102198 122198 11999 21699 31699 42099 511899 61499 72199 91499
0

pH std units 80 78 75 74 77 77 77 71 74 78 71 8

500

76

214

77

194

10

10

0

0 0

Conductivity umhos 500 206 204 185 221 184 193 114 141 194 114

80 400 149 131 10 0 0

Total dissolved solids 400 127 138 80 131 135 133 101 115 131

1 43 7 2 2 5 10 3 30

Total sus ended solids 1 2 3 1 2 1 43 3 10 117

73 84 800 815 4 0 0

Hardness total 81 84 82 73
Na Na na na 0 0 na

Carbonate na na na na 0 0 a

Bicarbonate
55 39 51 74 39 74 55 53 4 0

Alkalinity Dissolved
76 62 76 97 170 55 39 39 170 84 76 8 0 0

Alkalinity total 96

0 1 0 1 0 1 0 1 01 01 01 01 05 05 01 05 009 005 10 10 100

Nitrate Nitrogen
0 0 0 0 t 1 t 0 1 02 0 10 3 30

Ammonia total 0 0 0
13 9 323 24 139 243 218 23 8 0 0

Calcium 23 24 23 20 23

5 9 6 92 84 5 10 81 87 8 1 13

Sodium dissolved 8 10 9 8
4 5 46 6 25 64 53 58 8 0 0

Magnesium dissolved 58 62 58 54 25

1 1 5 t41 07 17 130 135 8 0 0

Potassium dissolved 13 17 14 13 07

17 8 2 47 9 1 74 28 16 15 10 0 0

Sulfate 14 28 21 15 21 15
30 03 03 03 5 0 0

Fluoride total 03 03 03 03 03

14 10 11 13 1 1 1

Chloride 11 14 12 11 13 13 na Na Na Na 0 0 Na

Phosphorous
0 1 01 05 021 025 5 5 100

Aluminum dissolved 05 05 05 05
Na Na na na 0 0 Na

Aluminum total
03 0 003 0 003 0 003 0006 00060006 0003 003 0004063 0003 8 8 100

Antimony dissolved 0008 0
Na na na na 0 0 na

Antimony total
0 005 0005 0005 0003 005 000680 00025 5 5 100

Arsenic dissolved 0003 005
0 003 0 003 00015 00015 3 3 100

Arsenic total 0003 0003 0003

0 1 01 01 003 01 0044 005 5 3 60

Barium dissolved 004 003
0 03 004 0033333 003 3 0 0

Barium total 004 003

0 002

003

0 002 0 001 0001 0001 0001 0002 000075 000075 8 8 100

Be Ilium dissolvedry 0002 0001 0002
050 0 0505 0 0 05 005 0025 0025 3 3 100

Boron total

dissolvedCadmium 00002 0002 00002 0001 0001 0001 00002 0002

0 005

000045

00250

00005

00250

6

6

6

6

100

100

Chromium dissolved 0005 0005 0005 0005 0005 0005
001

0005

001 001 00050 0005 1 1 100

Cyanide total Na Na na na 0 0 n a

Copper
02 0 02 0 02 0005 0005 0005 0005 002 0007 001 7 7 100

Co er dissolvedpp 002 0
na Na na na 0 0 na

Copper total
0 1 0 1 003 01 0043 00325 6 4

Iron dissolved 003 006 003 003
na na Na Na 0 0 na

Iron total Na Na na na 0 0 n a

Iron suspended na Na Na na 0 0 n a

Iron Ferrous Fe2 Na Na na na 0 0 a

Iron Ferric Fe3
0 005 0005 0005 0002 005 00067 00025 5 5 100

Lead dissolved 0002 005
0 002 0 002 000 0001 3 3 100

Lead total 0002 0002 0002
0 01 001 001 0005 0005 5 5 100

Manganese dissolved 001 001 001 001
na na na Na 0 0 na

Man anese total
00020 00003 00 00001 5 4

Mercury dissolved 00002 00002 00003 00002 00002
Na na na Na 0 0 na

Mercury total

dissolvedbdenumMol 001 0005 001 001 001 0017 00050005 0005 0017 001

010

0005

0150

8

8

7

8

88

100y

Nickel dissolved 004 002 004 004 004 001 001 001

01 0 010

001

0 005

004

0 05 000625 000375 8 8 100

Selenium dissolved 0005 005 0005 0005 0005 001
00020 010 00140 000045 6 5 83

Silver dissolved 0001 0005 00004 00002 00002 001
na na Na Na 0 0 na

Silver total

dissolvedThallium 0001 005 0001 0001 0001 0001 0001 0001 0001 005 0004

5

00005

0 005

8

6

8

6 1000100

Vanadium dissolved 001 0005 001 001 001 001 0005

na

001

na

000

na na 0 0 na

Thallium total
0 01 0 01 001 0005 001 0004071 0005 7 6 86

Zinc dissolved 0005 0008 0005 0005
na na Na na 0 0 na

Zinc total
0024 00360 0020 00240 0022 000130 00014 00011 00028 000a

00

6 0002a
00

a
1 O

Uranium dissolved 00028 0
a 0 0 n

Uranium suspended na na na na 0 0 n a

Uranium total
0 1 0 01 0050 005 2 1 50

Thorium228 dis pCiL 0
0 0 1 005 005 2 1 50

Thorium230 dis pCiL 0 01
0 0 00000 0 2 2 100

Thorium232 dis pCiL 0 0

0 0 04 01600 02 5 2 40

Radium226 dis pCUL 02 02 04 0
Na na Na na 0 0 na

Radium226 susp pCVL na na Na Na 0 0 na

Radium226 total pCiL
1 4 09 09 47 234 18 5 0 0

Gross Alpha dis pCiL 29 18 47
5 5 08 5 158 12 5 2 40

Gross Beta dis CUL 09 12 08

NOTES Mean and median statistic calculated using onehalf detection limit 12 DL

ND number of nondetects

Results are in mgL unless otherwise noted
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TABLE 20 WATER QUALITY IN RALSTON CREEK

19982007

STATIONSYKAWD

S

5
SS5S A5

SWSWO 6WD

SWA
SWASSSASA SW

5 A
SSWS 72602 528N2424A232602

174003X02 12ri7N227l62502

S11NA S1WA
SW 522100 3281077281077601129101 328N7 N7801 y29 i

122A218tO1701 7 Z1 129117p 1d24R182707 2

83 75 73 78 78 7B

192 787 186 182 257 2
126

134
202

126 129 90 126 178 116

1410 1 1 10 10 10

78 76 71
10 10

ga
132

gg 70

100
70

68

82 110 74 83

05 W1 07 05

1 0 0 1
323

372

22 21 20 22 216
6 7 159 759

9 9 8 e 119
1 4

836 974

57 54 53 74 66
612 202

198

14 13 13 1 75

14 6
229

12 15 75 82 27 225 42

03 03 03
819 25 202

4 405

73 9 17 13 77

0 1 01 02

05 05 05 02 02

0 1
W1 02

0 05 0001 0001

0008 0003 0003 0001 0001
005

0007 0001

0003
005

005 001 p01

0003 OW3

003

003 003

0002 0002 0002

00002 00002 0001

0005 0005 W005

0005
W 07

p01 0005

002 002 002 0
010

0002 0005

0303 W0 0 03 003 003 003 003

oao

0066
o13z

007

oaa 0066

a00z
oos

osm oooz oaos

oo0z mooz
o1m

001 ooz

007 001 001 wot 001
oot wo1 003

00002 00002 00002
0001

0 001
00132 oao01

10 OOWS 00005

001 x01 001 x015 0005

004 x04 004

0005 0005 0005 p 07

0001 00002 00002
c0 01 0019 0001

0001 0007 0001

0001 0001 0001 0001 0001

001 W01 001
00001 0001 0001

002
0017 W005

0005 0005 0005

076 0014009 00006 00 0040 00025 00019 00022 0005 00028 00166 00038 00023 00074 00011 00022 00039 00056 00067

00022 00018 00192 00035 003 003 00074 019 00075 0

0 002 00070005 00 0 00030 x0003 00003 00003 00074 00003 OOW3 00003 00003 00003 00003 00003 00003 00003

00003 00001 00001 0002 0002 0002 00047

00055

0 6 8 065 00 08 08 02 05 06 05 04 04 02 p2 02 05 05 08

03 02 03 04 14

10 0 0 0 2 03z oz ms oa oz os mz oz oz mz oz 02 oz ws

0 01 0 0 0 01

31 62

03 2

NOTES can eriC meEan uatMm ublattE UUqorNR Oelecoan llmM1VtOL

N0 numce M roiW eiecp

Reu4bar myt uNdamMrwee rwtea
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TABLEYI WATER QUALITYIN RALSTON CREEK

1998 P007

STATION SWAWD

Sit4 7W72SN4S

6W SWSSSSSWSW A15S
SWA SWSWSWWSWW S 7A SS5

S
SSS 225p41 323 04

5104 651d1R6510d104i0
f1900 4 92W4 102904

43033S
A3 6522 92fi1 33D3231 916N3 0 72 6V3 1251D3l11A3 7 213110321 603 1

pH lad units iG2
11

CoMUCWiry unless 170
137

ToledisacNed sdida
174

Total riled soliaa

Hardness total
57

CaNOrmte
39 70 54

Biprbonele
47

akwi asemeed 70

akaliNry total
34

Nnrot Merogen z
zo

Ammonk low
614

27 27 105
Calcium

577 g 70
62

9

Sodium diawNed
4 21 7 6 32

73

Magnesium dissolved 16 19 32
10

74

Pokasium diaaolvad 138 76
SWate 2

Fluoride total 24 32

Chkntle
16

02 0

Phasphmous
0 2 02 p2 02

O4
07

aninlan aiaaalvea
oz7 mx p2 02

am7
ooot

arninDm tal
om7 0007 0001 mm1

om7
m

ammonyaiesoNed
o a7 om7 ooot mom OW1

aNmonr taw
001

0007

aeenK dieeolvea
o7m 001 mo1 007

Areeruc last

Badrn meeaad

eadnroyal

tae iunaieolaed

Boron total

Cadmium disaoMd

cnrominaieeoNa

c aria mtl 0005 o

Copper 0005 0005 0005 0005

0
0005 001

Copper dissoNad
0005 c0005 0005 ppg 0

Copror law 003 007
067

011

Iron dissolved
0 301 003 003

Iron total

Iron suspended prug 00

Iron Fertoua Fe2
0204

Iron Fertk Fe3
geed maeoNatl

o ooos ooos 0405
0005

oot

p

mo1

teaa total w e 007 001 003 mo7

dissolvedMeng 001 001 007

esw tow w0007 maot

Mercury dissolved 00001 00001 00001
0005 0

MarcuY rotel
ODS 0005 0005 0005

Motybdenum dissolved

Nickel diesdved

Seknium dissolved p W 1 001

S6var dkaoNed
0 001 0001 0001 OD7

0001 0001

Silver total
0001 0001 0001 Wt

TheAium diaseNed
Vanadium dissolved

0001 0001 0001 0001
WW 7 p 7

Thdgumtow OOW 001

Zinc diuoNed
05 ppp5 001

0 002 0066 OW665 07990009 00016 00 00009 00032 00076 00026 00011 00017 0007

Zirw total
0022001 0l75 09 0 00043 00076 00046 00025 00041 00028 00024 00025 0022

00056

W02 OOt 717003 O0009 0W
W0009 UOOD6 00001 00003 00003 W0003 00003

URNUm diswNed 00062 O1A25 0003
0003002 0W W2 0002 0002O 01702 0002 x002

0002

Uranium sDeperded 00003 OOW3

Uroraun total

Thodunzze aie cis
Tnadna3o eie cvc

21 00 2 p2 020
09 02 cp2 02 02 03 0

Thorium232 ilia pCUL
0 20 3 04 02 01 03 03 01 02

o t 2 o z0 p2 02 02 02 cp2 cp2 02

Radium226du CiLP 05
z 7 01 wt0 ot mt ot mt 01

Radumafi cis wz oz

Raaium226 tow pcey
crow suns ae vcl
cross Bak di cis

rvo16s kxeeeammeunmrt mrdeua wlw oeenw mernea turn nrz ou

ND numeer d rnneetxb

Rea4b ae r myt uNeualeelvlre m1M
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TABLE YA WATER QUALITY IN RALSTON CREEK

19982007

STATION SWAWD

AWD SWAWD SWAWD SWAWD SWAWD SWAWD SWAWD SWAWD SWAWD
SW

MIN MAX MEAN MEDIAN COUNT ND ND

SWAWD SWAWD SWAWO SWAWD SWAWD SWAWD SWAWD SWAWD SWAWD SWAWO SWAWD
706 4281061 429 W 42906 92606 t 026R11 32BR17 62

95ID7
0 0

72505 2I18Kr 327A5 12705 5rd1N5 62205 7d7OS 8dOrVS 1M6i05 7130105 22606 212 73 83 778 78 7

235 182 257 2130 192 7 0 0

pH Md unRS
162

1339 128 17 0 0

Conduaivuy umtas
t W 150 7 1 2386 5 6 3 50

Total dissolved adids
71 78 75 76 3 0 O

Total ed so0ds
70 10 5 5 2 2 100

Hardness total
76 39 132 710 70 13 0 O

Cartonele 76 700 1W 100 100 1 0 0

Bkarborate
62 34 170 662 67 i6 0 0

Nkalini DiasoNad
d9

62 01 05 02 015 4 3 75

AIXaBnay total
0 1 038 025 4 1 25

NRrete Nitrogen
246 146 32 231 222 17 0 0

Ammonia tool
155 281

101 67 21 106 925 i6 0 0

Cddum
69

9S
66 14 98 61 62 17 0 0

Sodium diasoNeO
4 fi 67 1 5 1 126 2268 15 16 0 0

Magnesium dissolved
1

12
15 82 42 186 15 10 0 0

Potassium diseolved
9 03 03 03 03 3 0 0

SJlate
25 9 464 231 221 18 0 O

Fluodde total
t7 Ne Na Na Na 0 0 Na

Chbdde
3 W 20 c0 2 02 01 05 0133 01 23 21 91

Plwaphorous 02
W2 02 W2 03

p2 01 04 0148 01 12 9 75

Aluminum dissolved
U4 1

0 0010 001 0 0 001 0001 0001 0001 000180 00005 23 23 70096

Numinum total
0001

0001WOOt 100
0001 OW1 DOt 0008 00005 13 13 100

Ardimony dissdvetl
005 OW3 0003 00133 00133 2 2 100

ArNmony lotef
01 WW1 0001 OW82 0005 14 14 1170

Ararat dissolved
W 001

c0001 003 003 003 003 1 0 0

Arank 003 003 OIX90 003 2 0 094

Badum disadved
0002 0002 0001 0001 3 3 100

Barium total
Na Na Na Na 0 0 Na

ae um dissolved
00002 00002 000023 00001 3 3 100

Boron total
W005 0005 00025 00025 3 3 100

Cadmium dissolved
Na Na Na Na 0 0 Na

CNOmium dissoNad
x005 OWS 00025 00025 1 1 100

C snide total

003 003003 00 0030 0005 OW7 002 OW39 000275 22 16 73

Copper c0pp
0005 m1701 0003 0

o6os omz m ot7o3z91667 ogon 12 11 9zx

copperaialvea
001

wo1
003 003 013 OO4W875 0015 16 9 56

copper total
013

003
006 003 OR 0196 007 11 2 18

Iran diaeoNed
072 003 Na Na Na Na 0 0 Na

IrOnlotal
wapendedIron 03 0030 078 019 003 W03 003 003 019 0063571429 0015 7

07 70

5 71

2 29

Iron Fertous Fe2
059

c0
003 069

W2 W002

0221

0013 0013 2 2 100

Iron Fertk Fe3
0005 0002 WW 00087 00025 14 13 93

Lead dissolved
00J 0 61 010 wo1 001 ooz ooa363636 0605 2z 16 ez

Leadmw
olo

00 ool ool mol ool
010 001 oa oo1z7 ooos 11 a 73

MarlganeaeaieaoNea
001

001 00002 00002 00002 00001 4 4 100

Ma area total
0 0001 00001 00132 00013 00007 12 9 75

Merwy diasdvad
W001

0001
W 005 005 O WS0 WSm OW5 m0005 01 0005032609 011025 23 21 91

Merovy total
0

OODS OWS 0005
001 004 002 002 3 3 100

Molybdenum disaoMd
W005 x005 0003 00025 3 3 100

Nkkel dissolved
W17002 00002 0001125 00003 4 4 100

Selenium dissolved
0001 OW1 0019 0004 00005 12 11 92

SiNar dissolved
c001

001
W 001 001001 00 001x 0001 x001 0001 0000 00005 23 23 100

Silver total
x001

6OD1 0001 0001
001 p01 0005 0005 3 3 100

ThalFum dissolved
0010 00001 00001 00128375 00005 12 12 10096

Vanadium dissolved
0t

1 0005 002 00078 00025 6 1 67

Thamum total
mao5 mo1 oaosl ot7n 7 s 71

zinpaieaplvea
tmmzinc

001
mo1

5 00470029 00015 00 00011 00025 00038 000 00008 Wi6 6

NeddW 0021 000170 00016 00027 00019 00021 00012 00042 0005 0008

003
00008 00003 000 61O000G OO 40 6

paoUren m
M d OW30001 O0 00003 00008 00005 00004 00003 OW03 00003 00003 00

00025 00025 00055 0004 0001 2 0 0
eUreNUm wapa

Uranium Idol
Na Na

Na Na

Na Na 0

Na Na 0

0 Na

0 Ne
Ttwdum228 dis pCiL

Na Na Na Na 0 0 Na

Thodum230 dis pCtlL
2 02 00 02 14 033 030 59 20 34

Thodum232 dis pCOL
0 2 4 023 00 04 02 02 01 02 06

0 2 02 0 06 009779661 01 59 4fi 78

Radium226 dis PCi7L1 02

2W 1 c0 21 00 02 02 02 01 02 01
0 2 02 02 01 01 1 1 100

Radium226 CiIL 02
31 62 465 465 2 0 0

Radium226 total pCiL
03 2 1075 1075 2 1 50

Gross NPM dis pCiL
Gross Beta dis CUL

NOTES MmMUn uaeaa kJYe4wMaaeaea eNecoon turn 12OLI

r4lnumEe M noiMelWa

Rea4a are in mpM1 uNew dMrvnve nded

Page 4 of 25



TABLE 24 WATER QUALITY N RALSTON CREEK

1998 2007

STATION SWUC

SNtiUC SWUC SWUC SWUC SWUC SWUC SWUC SWUC SWUC SWUC SWUC MIN MAX MEAN MEDIAN COUNT ND ND

1021198 112498 121698 11899 211699 31899 42099 51799 81599 72199 91499
7 5 10 0 0

pH std units 77 8 73 72 79 78 75 73 73 75 72

115

8

598

753

219 5 1885 10 0 0

Conductivity umhos 206 598 185 192 212 185 164 115 143 195

101 388 150 125 10 0 0

Total dissolved solids 130 388 153 119 120 137 113 101

4

108

10

131

14 2 0 584 901 35 10 3 30

Total sus ended solids 3 1 2 4 1 0 564
78 88 798 785 4 0 0

Hardness total 88 81 78 78
p 0 na na 0 0 Na

Carbonate 0 0 na na 0 0 a

Bicarbonate
48 40 62 82 40 82 58 55 4 0 0

Alkalinity Dissolved
84 68 48 40 40 84 685 73 8 0 0

Alkalinity total

i

80

0 1

83

0 1

87

01

78

01 01 01 01 01 05 05 05 01 05 0105 005 11 11

10

100

100tro enNitrate N 9
0 0 0 0 0 1 1 t 0 1 02 0 10

Ammonia total 0 0
23 912 231 248 129 25 2t7 23 8 0 0

Calcium 25 23 21 21
8 4 8 7 88 5 10 78 8 8 1 13

Sodium dissolved 10 8 8 9

5 5

5

3 9 38 62 82 38 62 53 58 8 0 0

Magnesium dissolved 61 57 55
1 1 5 271 07 27 148 14 8 0 0

Potassium dissolved 17 14 13 14 07

16 8 6 66 12
Sulfate 17 13 19 18 14 16 Q 3 03 03 03 5 0 0

Fluoride total 03 03 03 03 03
12 14 11 10 11 11 10 15 118 11 10 0 0

Chloride 15 11 12 11
0 0 Na na 0 0 Na

Phosphorous 0 2 02 05 024 025 5 4 80

Aluminum dissolved 05 05 05 05 v

0 0 na na 0 0 Na

Aluminum total
008 0030 0030 0030 0008 00060008 0003 003 00041 0003 8 8 100

Antimony dissolved 003 0
0 0 na Na 0 0 Na

Antimony total
0 005 0005 0005 0003 005 00068 00025 5 5 100

Arsenic dissolved 005 0003
0003 0003 00015 00015 3 3 100

Arsenic total 0003 0003 0003
0 1 01 01 003 01 0044 005 5 3 60

Barium dissolved 003 004
030 004 0037 004 3 0 0

Barium total 003 004

0020

004

0 002 0001 0001 0001 0001 0002 00008 00008 8 8 100

Be Ilium dissolvedry 0001 0002 0002
0 05 05 0 050 005 005 0025 0025 3 3 100

Boron total

Cadmium dissolved 0002 00002 00002 00002 0001 0001 00002

0050

0002

0050

00004
00250

00003

00025

6

8

8

8

100

100

Chromium dissolved 0005 0005 0005 0005 0005 0005
001 001 001 00050 0005 1 1 100

Cyanide total 0 0 Na na 0 0 a

0 02 020 0 02 0005 0005 0005 0005 002 0007 001 7 7 100

Copper dissolved 002
0 0 na Na 0 0 Na

Copper total
20 01 003 02 0063 0045 6 3

Iron dissolved 008 004 003 003
0 0 na Na 0 0 Na

Iron total 0 0 Na na 0 0 Na

Iron suspended 0 0 na na 0 0 Na

Iron Ferrous Fe2 0 0 na na 0 0 Na

Iron Fertic Fe3
0050 0005 0005 0002 005 00067 00025 5 5 1

Lead dissolved 005 0002
0020 0002 000 0001 3 3 100

Lead total 0002 0002 0002
010 001 001 0005 0005 5 5 100

Man anese dissolved9 001 001 001 001
0 0 na Na 0 0 Na

Manganese total 00020 00005 00 00001 5 4 80

Mercury dissolved 00002 00005 00002 00002 00002
0 0 na na 0 0 Na

Mercury total

dissolvedMolybdenum 0005 001 001 001 001 0005 0005 0005 0005 001

040

00038
0130

00038

0 015

8

8

8

8

Na

100

Nickel dissolved 002 004 004 004 ppq 001

0 01

001 001

0101 00

001

0005 005 000625 000375 8 8 100

Selenium dissolved 005 0005 0005 0005 0005

010 00002 001 00014 00003 6 8 100

Silver dissolved 0005 0001 00002 00002 00002
0 0 na Na 0 0 Na

Silver total

Thallium dissolved 005 0001 0001 0001 0001 0001

010

0001 0002 0001

0005

005

001

0004

0005

00005

0005

8

6

7

6 100

Vanadium dissolved 0005 001 001 001 001
0 0 na Na 0 0 Na

Thallium total
0050 0050 0 005 0005 001 001 001 0005 001 00039 0005 7 6

0

88

NaZinc dissolved

Zinc total
00140 00110 G014O 0 0026

0

00011

0

00031

na

00021

Na

00022

0

10 0 0

Uranium dissolved 00025 00031 0002 00029 00024 0002
p 0 na Na 0 0 Na

Uranium suspended p 0 na Na 0 0 Na

Uranium total
0 1 0 01 005 005 2 1 50

Thorium228 dis pCiL 0
10 0 01 005 005 2 1 50

Thorium230 dis pCiL 0
0 0 1 005 005 2 1 50

Thorium232 dis pCilL 0
01

0 2 02 02 03 022 02 5 0 0

Radium228 dis pCiL 02 02 03
0 0 na Na 0 0 Na

Radium228 susp pCilL Na Na Na Na 0 0 Na

Radium226 total pCiL
1 3 15 13 43 1022 2 5 0 0

Gross Alpha dis pCilL 2 33 43
5 5 16 27 714 25 5 2 40

Gross Beta dis CiIL 16 21 27

NOTES Mean and median statistic calculated using onehalf detention limit 12 DL

ND number of nondetects
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TABLE 24 WATER QUALITY IN RALSTON CREEK

19984007

STATION SWA001

m emr ewsmi suuennl suuamt sN4a001 SMFMOt SVaA001 6VF001 S11XP001 SVJA001 SVJr1001 SNFAODi SNFa11 SVJA001 SWF001 SNA001 6VJA001 6NfPD01 SNM001 SNH1001 S4VM01 6VJp001 SVW00 SNYPDDt SNFA001 SNFA00 SVJPADt SWA001 SNM001 6N4M01

enem enaxn an9mn 9l700 10130100 112NO 1121100 12901 LM01

11211998225189812311998421998 51128 8121198 728188 82498 9128198 tOrz19fi 11119198 12198 1118199 11589 11589 011

pX Iam amts
5 B5 71 4 81

20 182 188 186 186 1fi3

8

1fi5

5

11

d

1d2 185

ComucOUay umboa
133 13 121 101 129 171 107 103 112 13fi

Total tlisadwd aolim
1 i i n a o 3 10 10

Toml aNS nea wwa
8 9 8 3

WNmssrobl
bGAOrm

Bigrbonate 52 d2 IB 82
Nhlin Diswhe

5 78 72 2 73 65 d1

p9Mgmry robl
1 01 01 c011 00 c01 05 01 05 05

Nanm Nitrogen
0 1 0 0 O 0 1 ct t t

Mmonb loml
20 23 2 20 23 125 216 248

Cakum
10 8 9 9 5 6d BA 115

mwNedodlum d
65 56 SA 55 d7 3fi 58 72

MepMakan dNa9Netl
11 13 19 01 1 15 18

PobENnm diwoMd
15 12 17 15 19 td 16 91 88 95

Sutleb
03 Ol 09 03 03

FhwNMrobl

CNbrMe
15 13 11 11 11 13 11 10 12 12

PNOapkorous
c05 05 05 05 Od

Nmmum diswNed

auminum roMl

MmpM dhsoNeO
c003 0008 0003 0003 0003 0008 0008 0006

Mimolry toml
005 0003 0008 c0005 0

Monk tlissoNed

awnkroml
0003 0003 000

03 0 030
01 01 01

Sarum dbaoNetl
003 003 003

Sarum tool
0001 0002 0002 0002 0002 0002 0001 0001

b dbwhnd 005 005 005

Boron roml
002 00001 00002 0001 000020 c0001

Gtlmlum diawNed

CNromium dissolved
0005 c0005 0005 0005 0005 0005

001

mMelMel

Copper
Copper tlbwNed

002 002 002 001 OA05 c0005 0

Copgr roml
03 003 p 0108 00 03 01

Iron tlbwMed

Iron total

trwauapenaed
Iron Ferrous Fa2
Iron FeMC Fe3

005 0002 0005 0005

Lead dbwNetl
c0002 c0002 0002

Lead mml

ManganesstlbwNW
001 001 001 001 001

Ma sserobl 0002 0 00010002 02 c0 0002 0

Merary tlissoNed
c0000

Merary toml
c0005 c001 001 001 001 c0005 0005

Moylalemlm dissolved
002 c004 c004 c004 004 MOI 001 c001

Nickel dlsaoNM
005 00p5 0005 0005 0005 001 001 001

SeMnium dkaoNed

saes dbwNd
DagS 0001 ooooz moooz ooooz 001

siNec mm
Dos 0001 om1 0001 0001 0001 aoo1 o 1

Tnaimn dbaaNd

vanaium abwNa
Doos oa1 001 001 om 001

Tnumn teal
0006 OA05 0005 0005 om 001 ao1

Zirlc tlbsoNed

Zm roml 0020025 0 0026 0015 0003 00 00025 00015 OOOid 00029 00028 00052 00017 00016 0002 00035 00037 00053 OOD21 00032 00028 0015 00175 0012 00052

002 0 0020

0052 0

002 0 0020
Uranium dlasoNed 00012 0005 00016 00031 00022 00005 00065 0051 00

0001 0 00010001 00 0 0 0001 0002 0002 0002 0002 0002 00012 1 0002 0002 0012 0002 0002 0002 0002 DOg2 0002
0 032

Unnum suspeMed 0002 0001 0002 c0002 0001 0002 0002 pOp2 0002 0002

Uraniumlsml
0 01

TMmarv228 tlb gl
03

02

Thoduml3o tlie pC9L
01

0
13 0 3 01 01 090 1 00 15 06 05 05 05 0

TMdurtr232 dk pCeU
5 01 09 01 05 021 000 0

01 03 01 06 08 01
0 1 01 0 000 01 0 o 0 01 0

Redium226db pC9L
Radoarr228 aus 9L

0 0 0

0 0 0 0 0 0 0 0 0 01 0 0 0 0 0 ot 01 01 01

Ratlium228 tabl pCJL 4 12 88 td 36

Gross NpM db pCUI
Groas Bem tlb L

38 58 29 5 5

NOTES

NOTES Mean and metlbn WOSdc ukubmd using ormlutl detadion irrkM tl2 OL

ND number of mrvdNecb

Resulb are b m9L umsw otMrvise mbtl
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TA8LE24 WA TER QUALITY N RALSTON CREEK

1998 2007

craTION SWA 001

6MOVJM01 sM00 i 5
666

NFM01 s 1

i
sWA001 s

1
s

sNF
1 s1 6

iro 3 eWA003
8

POOi
sWA001 sv55

yPD01
s

M01 nAi6NFAW 1

sNMLO sNM
1 113011 CJ031v68S

SIW2t1Ddv2

s s66 61
8

9N
66

0
6

ro0 321y02101 S x118101ItRI1 1 03v J3azlNZz a

71 1 181 1 15125p1U 1l12L2M0121 1 M01 N

pN aM unit 155
118

Grkudivey umhw 198 139 186

Tool aissawa adks
106

Tobl sus nNa wWa

NaNmss bMl
65 3

GrDOmb
73

636 fid 623

Brartom4 8

a6a DbwNea

aLaurmv mm
61

69 5 51

Nibeb Naropln 215
27

grmonb bbl
2d1

261

1

22

121

326

17
8

21

9fi

9oaium auwNW
121

79 859 934
59

1 d8
36

Ma9msNm tliswtwtl 13 158 175
15 7

21

Pobsslum ahaoNaa 238 187 885

BWeb
181

20 8
24

FWOritla lobl
18 6

258 299 23

Glorka

Rbapherous
1

0 1
e01 02 02 02

02

02

02

Numlrxrm aiawNea
0 1

01 02 c02

p Op1 0001
0001

NurranumlObl AOS 0001
oop1

0001

nmmwnr aisseNw

aaimem bbl
moor

mm1

oos 0001 oao1

001
001

asaae aisaoNa

nr311aC bbI
Oo01

0001 001 mm

Barium abaoNstl

Sarum bbl

B um apwNsO

Boron bbl

Gamem aissmwa

ChroMUm tlbsoNatl

C snbe bbl

oesr o pl ooos moos
0005

0005

pops

GF9r aNwNa
ooos

001 aaos ooos
oaos

a33o

tipper bbl
oaps

m03
003 003 003

0 03 0167
Iron aewNaa

Iron lwl
005

ppq

U01

003

IronIOSgnbtl
Iron Femua Fe2 0051 003

0151

Imn Frac FN
0005 0 p

0005
c0

Lsaa abwNea
0005

005
0 01 c001

001
Leaa bba

Men9eneae tlisaaNW
0p1

001

MA1
001 001

001

Me eneeebbl
001

00001 0 0001 00001
00001

A0001
0 005

Merwry abaoNetl 0001
0 005 c0005

c0005

Merorrybbl
Meh6anum msseNaa

00012
01

NiOkN tlisaoNeO

SeMnum ainoNea
p0001 o po1 oam

x001
0001

o omstwraioNe

s9wr bm
maool

om

om1 oam om1
aom

TMlium tlwwNea
mam

o ao1 Om1 0001
0001

vmabm aiswhva
om1

om1

7nNUm bbl

ZiricahwNM
oon

001 e0005 p005 0005

00430004 00 0136 00062 00 00056 00078018 00 OOOT 00082 00027 OOD15 0005 Oop15 00021

bbl 0080 003 00009 00011 00080011 00
00032 00024 0002 00178 001 0007 00061 0002

opo3p oo2 o ao2 poo2 aooz oopz oao2m
ooox mao2 oopo3 oaom oopoe 00003 oaoo6 oaom

aawNeaUranium 0032 00031 00016 016 OM38 00065
0002 oopa3oope 0ooo3 oaoo3 p oaam 00003 opoo3 aooo3 oaoo3 oopo3 oopx

urni6m spswnae 0002 ooox oopo3 poo36 oopa3 00004 oam3 o

Uraniumbbl OOOSd

meapnzzfi aM pL

aA FC9UTnoapmz3o D 6 2 02 02 021 00
03 01 02 03 p2 01

Tnoawnz ais FD6u 90 5 02 02 0OA 0 02 Od 02 11 05 01 02 03

1 0 20 1 N1 01 cp1 010
01 01 02 02 02 04 02 02

RaNum228 als pCYU 11 09 07 08 1d 08

p2 0 6 0 2 02 c02 02 03 07 e02 02 02 02 02 02 01

Raaibrt226 sus L 0 ot 0 01

Realum228 bbl 9C6U
Grosa Nplu ais OCUU

NOTE6 Mean eM rmaian sbtistk wku
Gross Beb tlh

NDnarorm mmabw

Mean era man sb6snc wlMalM usvqenhattalmen9mit 1rz Dx

ND numMr of nan4abcn

Reaub an N myL uNass o0wrvaae nobs

ReaWb an in nplL unbss oMo

WMbaonl9a104ppal
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TABLE 24 WATER QUALTYN RALSTON CREEK

1998 2007

STATION SWA001

ADOt SNAA001 SWrW01 SNLPD01 SNAW1 SWA001 SVVA001 SNW001 SWMOt 6N4A001 6NM001
VJ

MIN MA MEAN MEDIAN COUNT NO NO

SWMO1 S4VA001 SNAA001 SWA001 SNFP001 SNM001 SNAM01 SNLMOt SNAA001 SNAAO01 SVJA001 SVVA001 SWA001 S

5 7131105 613005 tORBOS 1113005 12liN5 113106 2RN6 CRB06 32N0I 62787

83W00 30101 929N0 10rz90 11901W 12RGV4 12rze104 12rze104 12585 2rz8105 322105 4rz1105 5131105 fi2210
71 85 785 755 10 0 0

117

101

207

186

16

131

188

193

0

t9

0

0

0

0

18
101 150

0 10 22 1 8 5 56

73 87 786 T5 4 0 OX

Na Na 0 0 Na

N 65 626 64 9 0 0

59 37 12 82 56 50 9 0 0

5
30 70 w 05 01 005 10 10 100

0 1 030 025 10 4 40

125 28 23 23 17 0 0

231
13 281

5 z1 1060 95 19 1

111
88 122

38

07

122

36

71

156

859

146

17

t0

0

0

0

9

86 885 180 157 18 0 OX

16
10 21

03 03 09 03 5 0 0

0 299 tl 9 0

25
10 28 O OS 1 1 100X

0 2 O2 ot 11 0227 01 15 12 80X

c02
11 01 tA 0222 01 9 6 89

01
11 01

0001 0001 e005 00034 0001 18 18 100

0001
0001 0001

0001 005 0006 00005 8 8 100

005
0001 0001

0001 005 00087 00025 6 5 63

0001 001 00030 000325 12 2 100

0001
c001 c001

003 wt 0092 005 5 9 fi0

003 003 0030 003 9 0 O

0001 0002 00009 0001 8 7 88

005 005 0025 0025 3 3 100

00002 0002 e90D1 00003 6 8 100X

0005 0005 9OV25 00025 8 e 100

w01

Na

001

Na

00050 0005 1

0

1

0

100

Na

0050 0005 002 00050 00025 17 15 88

O Ot c0005 we0s 001 00030558 00025 9 8 100

0 01 05 OWS
003 944 0052 0015 14 9 61

005 pN 003
003 092 01825 00815 8 2 zs

016
092 003

OOd 000 001 004 1 0 0

015 015 015 015 015 1 0 0

1

011
048 003

0002 w05 0008 00025 8 8 100

0002 005 00063 00025 12 11 92

c005
0006 0005

0 01 001 001 002 0008785 0005 14 11 78

001

w01

002

004 001
001

00001

c00 00081

w0002 8187E05

0005

00001

8

8

7

8

88

100

00001 0001 000015 000005 9 8 100

0001 00001 00001

0 ar c0005 00012 w1 00960 00025 18 15 63

0005 0005 001

0005

004

c005

00131

0008

0015

000375

8

6

8

8

100

100

eoool wo1 ooou aoool 7 7 100

waopl wo1 opoz oeoos a s laox

we1
pol w01

001 moo1 oao1 wos oools oooos 1e m laox

0001
01 0

0005 001 0005 0005 8 8 100

0 50
pl

0091 c0001
0005 0023 009fi4 0905 8 8 7

w005 w01 0007 OOpZS B 86

001
0008

00271 0

0005

0209 00249 00081 00102 00102 000030026 00023 00
00104 00019 00015 0003 00011 018 00091 00037 85 0 0

23
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TABLE 24 WATER QUALITY N RALSTON CREEK

1998 2007

STATION SWDIS001

onductivity umhos
otal dissolved solids

otal suspended solids

iardness total

arbonate

3icarbonate

Ikaliniry Dissolved

Ikaliniry total

Vitrate Nitrogen
4mmonia total

Calcium

Sodium dissolved

Magnesium dissolved

Potassium dissolved

Sulfate

Fluodde total

Chloride

Phosphorous
Aluminum dissolved

Aluminum total

Antimony dissolved

Antimony total

Arsenic dissolved

Arsenic total

Barium dissolved

Badum total

Cadmium dissolved

Chromium dissolved

Cyanide total

Copper
Copper dissolved

Copper total

Iron dissolved

Iron total

Iron suspended
Iron Fertous Fe2
Iron Fertic Fe3
Lead dissolved

Lead total

Manganese dissolved

Mercury total

Molybdenum dissolved

Vickel dissolved

Selenium dissolved

Silver dissolved

Silver total

thallium dissolved

Vanadium dissolved

Thallium total

Zinc dissolved

Zinc total

Uranium dissolved

Uranium suspended
Uranium total

Thorium228 dis pCiI
Thorium230 dis pCi
Thorium232 dis pCi
Radium228 dis pCit
Radium228 susp pC
Radium228 total pCu
Gross Alpha dis pCiI

001 DIS001 DIS001 DIS001 DIS001 DIS001 DIS001 DIS001 DIS001 DIS001 DIS001 MIN MAX MEAN MEDIAN COUNT ND ND

DIS

11119198 121798 119199 315199 41999 517199 611499 71499 91499 32801 1029104
8 0 957 8 0 0

87 78 78 79 8 79 8 81 78

138

87

1460 1209 1375 8 0 0

1480 1400 1420 1410 1310 1180 138 1350
445 445 1090 921 953 9 0 0

1090 1060 1030 1050 927 866 870 953
p 14 5 41 35 8 2 25

4 1 3 0 145 0 10 10
390 430 407 400 3 0 0

430 390 400
Na Na Na Na 0 0 Na

146 146 148 148 148 1 0 0

180 170 180 210 170 210 185 180 4 0 0

190 230 210 190 180 170 119 119 230 1841 190 7

8

0

1

0

13

77 63 54 46 46 01 29 29 01 77 431

310

46

250 8 3 38

1 0 0 0 0 1

77 5

1 t

739 789 341 688

0

341

1

80 703 755 8 0 0

80 77 74
132 180 165 135 272 135 185 121 155 8 0 0

150 160 160
942 47 8 548 118 118 58 449 49 7 0 0

56 49 52
5 9 8 5 1 8 18 85 554 63 7 0 0

64 63 64

440

55

420 430 470 632 176 6 X 5560 510 520 510 5 15 1 5 1 5 3 0 0

15 15 15

34 23 26 27 181 27 1 2
25 28 29 29

na Na Na Na 0 0 Na

0 1 02 02 01 05 016667 0175 8 8 100

05 05 05
01 01 01 005 005 1 1 100

014 0180 001 0013 0021 0001 0001 c0001 0021 00119 0014 8 2 25

0018 0
005 005 005 0025 0025 1 1 100

0070 0005 0005 0003 0007 00034 00025 4 3 75

0003
0001 0001 0003 000117 00015 3 3 100

0003 0003
10 0 1 004 01 00475 005 4 3 75

0 01
004 004 004 004 2 0 0

004 004

0 002 0 001 0001 0001 0002 0001 0001 6 5 83

0002 0002 0002
025 031 029 025 031 028333 029 3 0 0

0010
00002 0001 00003 00003 4 4 100

00002 00002 0001
0 005 0005 00025 00025 4 4 100

0005 0005 0005 0005
0 01 001 001 00 0005 1 1 100

Na Na na Na 0 0 na

0050 0050 0005 0005 0005 01 001857 00025 7 6 88

002 01 002
0005 001 0005 001 000375 000375 2 2 na

0 1 01 003 003 003 01 0025 0015 7 7 100

003 003 003
015 015 015 015 015 1 0 Na

Na Na Na Na 0 0 na

na Na Na Na 0 0 Na

Na Na na Na 0 0 na

0 005 0005 0005 0002 0005 00021 00025 4 4 100

0002
005 0002 005 000967 0003 3 2 67

0002 0003
0 01 001 012 001 012 00250 0005 6 4 67

001 001 001
013 013 013 013 013 1 0 0

00002 00002 00001 00001 3 3 100

00002 00002 00002
0001 0001 0001 00005 00005 1 1 100

3140 0744 0613 0081 0081 105 06474 07440 7 0 0

105 09 085
0 01 001 001 001 004 00125 00125 6 6 100

004 004 004
010 010 001 0005 001 00038 00038 6 8 100

0005 0005 0005
00020 001 00014 00003 4 4 100

0001 00002 00002 001
001 001 001 0005 0005 1 1 100

0010 0 002 0 002 0001 0001 0002 0001 0001 0002 00011 00005 7 4

4

57

100
0 01

001 001 0005 0005 4

001 001 001
0001 01 0001 01 002525 002525 2 2 100

010 0 01 001 0005 001 00038 00038 8 6 100

0005 0005 0005
006 006 006 006 008 1 0 0

01130 00440 00580 00044 00053 00065 00091 00107 00038 0

O5 9 4 44
001 00020 00010 00010 0 002 0002 0002 00003 00001 0002 OG 00002

00004 00
na Na Na Na 0 0 na

Na Na Na Na 0 0 DIV0

0 2 0 2 02 02 1 0 0
02

0 0 0 0 1 0 0

0 5

0

0 5 40 1 02 02 13 069 05 7 1 14

13 1
0 0 02 0 02 001429 0 7 1 14

iL 0 0 0 0
nla Na nla Na 0 0 Na

L
4 7 57 47 50 178 785 4 0 0

10 50
35 5 33 118 585 4 1 25

84 33 5

NOTES Mean and median statistic calculated using onehalf detection limit 12 DL

ND number of nondetects

Results are in mglL unless otherwise noted
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TABLE 24 WATER QUALITY IN RALSTON CREEK

1998 2007

STATION SWBDIS

BDIS SWBDIS SWBDIS SWBDIS SWBDIS SWBDIS SWBDIS
S SW

MIN MAX MEAN MEDIAN COUN7 rvu m rvu

SWBDIS SWBDIS SWBDIS SWBDI
99 3118199 42099 511899 611599 72799 91499

102098 112498 1218198 118199 21 81
7 8 7 3 73 78 73 81 770 78 10 0 0

pH std untts 8 81 75 73 81 78

7 288 147 153 434 147 597 389 389 10 0 0

ConducOvtty umhos 440 597 500 354 391 38

187 119 118 288 118 394 248 243 10 0 0

Total dissolved solids 282 394 358 227 229 257
342 4 c10 131 1 131 193 35 10 3 30

Total sus nded solids 3 t 1 4 2 1
110 180 145 145 4 0 0

Hardness total 140 180 150 110 0 0 Na Na 0 0 na

Carbonate 0 0 nla nla 0 0 Na

Bicarbonate g4 40 51 100 40 100 638 575 4 0 0

Alkalinit Dissolved
92 82 84 40 40 120 878 88 8 0 0

7
Alkalinity total 110 120 110 84

80 8 050 c01 05 05 08 Ot 26 0
0 00

Nttrate Nhrogen 04 25 17 08
0 0 c1 7 t p 015 0 10

Ammonia total p 0 0 0 0
12 5 339 341 125 40 308 34 8 0 0

Calcium 34 40 35 28 29
8 3 387 343 83 54 330 385 8 0

Sodium dissolved 40 54 44 27 20
43 15 153 34 20 128 145 8 0 0

Magnesium dissolved 14 20 18 11 75
11 29 23 11 29 22118 24 8 0 0

Potassium dissolved 28 29 25 19 21

57 19 82 82 180 803 79 10 0 0

Sulfate 100 160 130 75 77 81
04 08 05 05 5 0 0

totalFluoride 05 08 08 04 05
10 11 14 1 t 13 1 1

Chlodtle 18 18 15 13 12 18 11
0 p n1a na 0 0 na

Phosphorous 0 2 02 05 0240 025 5 4 80

dissolvetlAluminum 05 05 05 05 0 0 na na 0 0 na

Aluminum total 0 008 0008 0008 0003 003 00049 00035 8 8 75

Antimony dissolved 003 0008 0008 0003 0004
p 0 na nla 0 0 na

Antirtwny total 0 005 c0005 0005 0003 005 00088 00025 5 5 100

dissolvetlArsenic 005 0003 0003 0003 00015 00015 3 3 100

Arsenic total
0003 c0003 0003

0 1 01 01 004 c01 0046 005 5 3 80

dissolvetlBadum 004 004 003 004 0033 003 3 0 0

Badum total
003 003 004

0 001 0001 0001 0001 0002 000075 000075 8 8 1

Be Ilium dissolved 0001 c0002 0002 0002 0002
050 008 008 c005 008 0055 008 3 1 33

Boron total 0 001 00002 c0002 00004 00003 8 6 100

Cadmium dissolved 0002 00002 00002 00002 0001
0050

0005 0005 00025 00025 8 8 100

dissolvedChromium 0005 0005 0005 0005 c0005
c001 001 001 00050 0005 1 1 100

totalC snide 0 0 Na Na 0 0 na

Copper 0050 0005 0005 0005 c002 00088 001 7 7 100

Copper dissolved 002 002 002 002 p p Na Na 0 0 Na

Copper total p 2 01 003 02 0058 0035 8 3 50

tlissoNedIron 004 003 003 003 0 0 Na Na 0 0 na

totalIron 0 0 na nla 0 0 Na

Iron suspended 0 0 Na Na 0 0 na

Fertous Fe2Iron 0 0 na na 0 0 na

Iron Ferric Fe3 0 005 0005 c0005 0002 005 00087 00025 5 5 100

dissolvetlLead 005 0002 0002 0002 0001 0001 3 3 100

totalLead
0002 c0002 0002

0 01 001 c001 0005 0005 5 5 100

Manganese dissolvetl 001 001 001 c001 0 0 na na 0 0 Na

Manganese total 00002 00002 00001 00001 5 5 100

Mercury dissolved 00002 00002 00002 00002 00002
p 0 na Na 0 0 nla

Mercury total 0 005 0125 0128 0005 035 0158 0133 8 1 13

Molybdenum dissolved 0173 035 022 011 014
c0 01 001 001 001 004 0013 0015 8 8 1

Nickel dissolved 002 004 004 004 004
0 01 c001 001 0005 005 0008 0004 8 8 100

Selenium dissolvetl 005 0005 0005 0005 0005
010 00002 001 0001 0000 8 6 100

dissotvetlSilver c0005 0001 00002 00002 00002
0 0 Na Na 0 0 nla

Sikrer total 0 001 0001 0001 0001 005 00036 00005 8 8 100

Thallium dissolved 005 0001 0001 c0001 0001
0 01 0005 001 0005 0005 8 8 1

Vanadium dissolved 0005 001 001 001 001
p 0 na Na 0 0 na

ThalllOm total p 01 001 001 0005 001 00038 00025 7 7 100

tlissoNedZinc 0005 c0005 0005 0005 0 0 na na 0 0 Na

Zinc total D022O 00190 0010 00031 0001 000

O
OOO

28 0003
1

dissolvedUranium 00035 00034 00032 00033 00038 00028
0 r a 0 0 na

Uranium suspended 0 0 Na Na 0 0

0

Na

0
Uranium total p 0 0 0 0 2

2 0 0
Thodum228 tlis CVL 0

30
0 03 015 015

Thorium230 tlis pCilL 0
p 0 0 0 0 2 0 0

Thodum232 tlis pCUL 0
0 2 03 02 08 0333 025 8 0 0

Radium228 tlis pCiL 02 05 08 02 0 0 na Na 0 0 na

Radium228 sus UL na nla na 0 0 na

Radium228 total pCiL 1 2 22 12 85 141 32 8 0 0

Gross Alpha tlis pCUL 22 41 85 10
c5 5 21 43 945 255 8 2 33

Gross Bela tlis i2 28 4 43 21

NOTES Mean and median statisOC calculated using onehalf detection limit 1l2 DL

ND number of nondetects

Results ere in mgL unless otherwise noted
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TABLE 24 WATER QUALITY IN RALSTON CREEK

1998 2007

STATION SWPL

PL SWPL SWPL SWPLSW SWPL SWPL SWPL SWPL MIN MAX MEAN MEDIAN GOUrvi rvu rorvv

SWPL SWPL SWPL
21699 31699 42099 51899 61599 72199 91499

102098 112498 121698 118199
7 6 7 4 8 74 81 776 775 10 0 0

pH std units 79 81 76 74 81 78 77

282 143 152 426 143 501 322 339 10 0 0b

Conductivity umhos 348 196 501 330 441 396

182 123 123 272 1 9 2 21 O
Total dissolved solids 214 119 370 212 274 272

55 5 9 716 173 1 555 108 3 10 0

Total suspended solids 3 1 1 3 1 1
110 180 140 135 4 0 0

Hardness total 120 180 150 110
Na na Na Na 0 0 Na

Carbonate na Na Na na 0 0 na

Bicarbonate 58 g2 59 100 58 100 77 755 4 0 0h

Alkalinity Dissolved
76 58

58 120 90 94 8 0 0

Alkalinity total 97 120 100 82 96
58 00 o 05 08 01 29 09 065 10 2 20

Nitrate Nitrogen 04 29 17 04 08
0 1 1 1 0 1 015 0 10 10 100

Ammonia total 0 0 0 0 0 0
14 325 34 14 40 302 3175 8 0 0

Calcium 29 40 34 27 31
9 3 367 341 93 55 319 311 8 0 0

Sodium dissolved 28 55 45 25 22
4 4 142 152 44 20 127 126 8 0 0

Magnesium dissolved 11 20 16 10 11
1 1 24 23 11 29 2 235 8 0 0

Potassium dissolved 23 29 25 19 24
18 9 9 93 99 170 809 805 10 0 0

Sulfate 65 170 140 70 96 91 56
04 06 05 05 5 0 0G

Fluoride total 04 06 06 04 05

17 10 11 15 10 21 146 15 10 0 0

Chloride 21 15 15 11 15 16
Na Na Na Na 0 0 Na

Phosphorous 0 2 02 05 024 025 5 4 80

Aluminum dissolved 05 05 05 05
na Na na na 0 0 n a

Aluminum total
0050 0006 0006 0006 0003 003 00051 00035 8 6 75

Antimony dissolved 003 0008 0006 0003
na na na na 0 0 na

Antimony total 0050 0005 0005 0003 005 00068 00025 5 5 100

Arsenic dissolved 005 0003 0003 0003 00015 00015 3 3 100

Arsenic total 0003 0003 0003
0 1 p101 003 01 0042 005 5 3 60

Barium dissolved 003 003 003 003 003 003 3 0 0

Barium total 003 003 003
0 001 00010010 0001 0002 00008 000075 8 8 100

dissolvedBeryllium 0001 0002 0002 0002 0002
0608 00 005 008 00550 006 3 1 33

Boron total
005

0 001 00002 0002 0000 00003 6 6 100

dissolvedCadmium 0002 00002 00002 00002 0001
0 005 0005 0003 00025 6 6 100

Chromium dissolved 0005 0005 0005 0005 0005 0005
001 001 001 00050 0005 1 1 100

Cyanide total Na na Na na 0 0 Na

Copper 0 005 0005 0005 0005 002 001 001 7 7 100

Copper dissolved 002 002 002 002
na Na Na na 0 0 n a

Capper total 01 01 003 01 0039 00275 6 4 67

Iron dissolved 004 003 003 003
Na na na na 0 0 na

Iron total na Na Na Na 0 0 na

Iron suspended na na na na 0 0 na

Iron Fertous Fe2 Na na na na 0 0 na

Iron Ferric Fe3 0050 0005 0005 0002 005 00067 00025 5 5 100

dissolvedLead 005 0002 0002 0002 00010 0001 3 3 100

totalLead
0002 0002 0002

001 001 0005 0005 5 5 100

Manganese dissolved 001 001 001 001 001
Na na Na Na 0 0 na

Manganese total 00002 00003 00002 00001 5 3 60

Mercury dissolved 00002 00002 00002 00002 00003
Na Na Na nla 0 0 na

Mercury total
190 0015 0114 011 9 0015 035 0150 01165 8 0 0

Molybdenum dissolved 0108 035 021 009
001 001 001 001 004 00131 00150 8 8 100

Nickel dissolved 002 004 004 004 004
010 00001 1 0005 005 00063 00038 8 8 100

Selenium dissolved 005 0005 0005 0005 0005
001 00002 001 00014 00003 6 6 100

Silver dissolved 0005 0001 00002 00002 00002
Na Na Na na 0 0 na

Silver total 0 001 0001 000 1 0001 005 00036 00005 8 8 100

Thallium dissolved 005 0001 0001 0001 0001
0 01 0005 001 00046 0005 6 6 100

Vanadium dissolved 0005 001 001 001 001
Na Na Na na 0 0 Na

Thallium total 0 01 001 00 1 0005 001 0004 00025 7 7 100

Zinc dissolved 0005 0005 0005 0005
na Na Na na 0 0 na

Zinc total
5 00320 00310 00380 00029 00021 00014 00014 00036 00014 00039 0

Na
000

0 0 Na
Uranium dissolved 00039 0003 0 0 Na

Uranium suspended 0 0 Na Na 0 0 Na

Uranium total 01
0 01 005 005 2 1 50

Thorium228 dis pCiL 0
0 1 0 01 005 005 2 1 50

Thorium230 dis pCiL 0
0 0 0 0000 0 2 2 100

Thorium232 dis pCiL 0
0 1 p 2 01 06 03 025 6 0 0

Radium226 dis pCiL 02 04 06 03
Na Na na na 0 0 na

Radium226 susp pCiL Na Na Na Na 0 0 Na

Radium226 total pCiL 1 1 2 2 11 19 608 24 5 0 0

Gross Alpha dis pCiL 24 57 19
5 5 2q 6 34 25 5 2 40

Gross Beta dis CiL 24 36 6

NOTES Mean and median statistic calculated using onehalf detection limit 12 DL

ND number of nondetects

Results are in mgL unless otherwise noted
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TABLE 24 WATER QUALITY IN RALSTON CREEK

1998 2007

STATION SWOS

uctivity umhos
dissolved solids

Nitrate NiVogen
Ammonia total

Calcium

Sodium dissolved

Magnesium dissolved

Potassium dissolved

Sulfate

Fluoride total

mtimany dissolved

mtimony total

trsenic dissolved

trsenic total

3arium dissolved

3arium total

3eryllium dissolved

3oron total

admium dissolved

hromium dissolved

cyanide total

popper
popper dissolved

popper total

ron dissolved

Iron total

Iron suspended
Iron Ferrous Fe2
Iron Ferric Fe3
Lead dissolved

Leatl total

Manganese dissolved

Manganese total

Mercury dissolved

Merwry total

Molybdenum dissolved

Nickel dissolved

Selenium dissolved

Silver dissolved

Silver total

Thallium dissolved

Vanadium dissolved

Thallium total

Zinc dissolved

Zing total

Uranium dissolved

Uranium suspended
Uranium total

m232 dis pCiL
n226 dis pCiL
n226 susp pCUL
n226 total pCilL

Alpha dis pCiL
Beta dis oCiU

98 112498 121698 118199 zne99 azwaa onnna

8 81 75 73 83 78 71 72 75 74 8

481 217 502 360 612 281 138 143 188 154 406

300 134 346 219 401 178 120 116 139 117 270

q 1 1 1 t 232 4 4 107 103 245

150 180 150 120

64 42 43 60

110 120 110 84 120 64 42 43

04 25 17 08 17 05 01 01

0 0 0 0 0 0 t 1 i

35 40 34 28 41 141 145

44 54 44 28 45 91 93

15 20 16 11 15 44 45

28 29 25 2 3 12 11

110 170 130 77 160 55 17 18 21

06 06 06 05 07

19 13 14 13 18 12 10 10 12

05 05 05 05 03 03

0008 0005 0003 0003 0006 0006
003

005 0003 0005 0005

0003 0003 0003

004 004 01 01

003 003 003

0002 0002 0002 0002 0001 0001
0001

005005

0002 00002 00002 00002 0001 0001 0001

0005 0005 0005 0005 0005 0005 0005

002 002 002 0005 0005
002

004 003 003 003 02 02

0002 0002 0002

001 001 001 001 001 001

0201 035 021 012 033 0013 0015

002 004 004 004 004 001 001

005 0005 0005 0005 0005 001 001

0005 0001 00002 00002 00002 001 001

005 0001 0001 0001 0001 0001 0001

0005 001 001 001 001 001 001

0005 0005 0005 0005 001 001

00046 00049 00052 00036 00053 00052 00014 00015 OOC

0 0 0

02
01 0

01
0 01

03 04 09 02 02 01

33 34 55 59 16 16

22 19 09 19 5 5

NOTES Mean and median statistic calculated using onehalf detection limit 12 DL

ND number of nondetects

Results are in mgL unless otherwise noted
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71 83 77 75 11 u ur

138 612 317 281 11 0 0

116 401 213 178 11 0 0

1 232 265 4 11 3 27

120 180 150 150 4 0 0

Na Na Na Na 0 0 na

na na Na na 0 0 na

l0 100 42 100 6817 62 6 0 0

42 120 866 97 8 0 0

05 05 01 25 08 045 10 4 40

1 1 0 1 0227 0 11 11 100

322 345 141 41 304 34 9 0 0

342 337 91 54 335 342 9 0 0

136 151 44 20 127 15 9 0 0

27 23 11 3 2 25 9 0 0

12 85 62 170 77 77 11 0 0

05 07 06 06 5 0 0

12 14 10 19 134 13 11 0 0

Na Na Na na 0 0 na

03 05 0267 025 6 4 67

Na na na na 0 0 Na

0006 0006 0003 003 00043 0003 9 8 89

na na Na Na 0 0 na

0005 0005 0003 005 0006 00025 6 6 100

0003 0003 00015 00015 3 3 100

01 01 004 01 0047 005 6 4 67

003 003 003 003 3 0 0

0001 0001 0001 0002 00007 00005 9 9 100

006 006 005 006 00425 00425 4 2 50

00002 0002 0000 00005 7 7 100

0005 0005 0003 00025 7 7 100

001 001 001 00050 0005 1 1 100

na na na Na 0 0 na

0005 0005 0005 002 001 000625 8 8 100

Na na na Na 0 0 na

01 003 02 0076 004 7 4 57

na na na Na 0 0 na

na Na na na 0 0 Na

Na na na Na 0 0 na

na na na na 0 0 na

0005 0005 0002 005 0006 00025 6 6 100

0002 0002 00010 0001 3 3 100

001 001 0005 0005 6 6 100

na Na na Na 0 0 na

00002 00002 00001 00001 5 5 100

na Na na na 0 0 na

0104 0121 0013 035 0163 0121 9 0 0

001 001 001 004 0012 001 9 9 100

001 001 0005 005 00061 0005 9 9 100

00002 001 00019 00005 7 7 100

Na Na na na 0 0 Na

0001 0001 0001 005 00032 00005 9 9 100

0005 001 00046 0005 7 7 100

na na Na Na 0 0 na

001 001 0005 001 0004 000375 8 8 100

na Na Na na 0 0 Na

1019 0003 00014 00053 0004 00036 11 0 0

na na Na na 0 0 Na

Na na na Na 0 0 na

0 0 0 0 3 0 0

0 02 0083 005 3 1 33

0 01 0067 01 3 0 0

03 01 09 0343 03 7 0 0

na na na Na 0 0 na

na na Na na 0 0 Na

17 16 59 33 33 7 0 0

n o 6 7 1 22 7 3 43
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TABLE 24 WATER QUALITY IN RALSTON CREEK

1998 2007

STATION SWBOS

activity umhos
dissolved solids

Nitrogen
tie total

n

t dissolved

sium dissolved

ium dissolved

tntimony dissolved

tntimony total

lrsenic dissolved

rsenic total

3adum dissolved

3arium total

3eryllium dissolved

3oron total

Cadmium dissolved

Chromium dissolved

Cyanide total

Copper
Copper dissolved

Copper total

Iron dissolved

Iron total

Iron suspended
Iron Ferrous Fe2
Iron Fertic Fe3
Lead dissolved

Lead total

Manganese dissolved

Manganese total

Mercury dissolved

Mercury total

Molybdenum dissolved

Nickel dissolved

Selenium dissolved

Silver dissolved

Silver total

Thallium dissolved

Vanadium dissolved

Thallium total

Zinc dissolved

Zinc total

Uranium dissolved

Uranium suspended
Urenium total

Thorium228 dis CU

Thorium230 dis pCi
Thorium232 dis pCV
Radium226 dis pCUI
Radium226 sus C

Radium226 total pCi
Gross Alpha dis pCil

BOS SWBOS SWBOS SWBOS SWBOSSW
SWBOS SWBOS MIN MAX MEAN MEDIAN COUNT ND ND

SWBOS SWBOS SWBOS SWBOS

8199 216199 3116199 4120199 517199 615199 712199 9113199
10120198 1 1123198 121698 11

7 2 7 7 7 7 72 87 78 77 10 0 0

87 81 76 74 84 77 78
2 388 139 808 399 390 10 0 0

477 467 497 356 808 391 276 139 19

252 117 534 270 279 10 0 0

306 309 330 221 534 316 180 117 138
1 503 953 35 10 1 10

4 3 2 3 2 1 503 5 113 10

12p 150 1425 150 4 0 0

150 150 150 120
nla nla nla Na 0 0 nla

Na Na Na nla 0 0 nla

86 40 61 98 40 98 6625 635 4 0 0

140 83 66 40 40 150 9475 90 8 0 0

150 100 97 82

4 0 5 10 05 05 05 01 25 08 04 11 4 36

04 18 17 08 25 0
1 p i 015 0 10 10 100

0 0 0 0 0 0 0 c1 1

32 13 8 48 319 325 8 0 0

35 34 33 28 48 138 311

31 5 28 8 8 9 72 370 353 8 0 0

44 39 44 28 72 89

812 912 4 4 19 133 140 8 0 0

15 15 16 11 19 44
32 12 1 2 36 24 24 8 0 0

28 24 25 2 36 12

22 78 15 240 945 835 10 0 0

120 120 130 77 240 89 54 15
04 09 06 05 5 0 0

06 05 05 04 09
11 15 1 I p

2p 13 14 13 20 15 13 10
Na Na Na na 0 0 na

0 3 05 0260 025 5 4 80

05 05 05 05 03
Na nla Na Na 0 0 na

0 006 0006 0006 0003 003 00045 0003 8 7 88

003 0008 0005 0003 0003
Na nla Na na 0 0 na

0050 0005 0005 0003 005 00068 00025 5 5 100

005 0003 0003 0003 00015 00015 3 3 100

c0003 0003 0003
0 1 10 040 01 0046 005 5 3 600

004 004
01

003 004 0033 003 3 0 0

003 003 004
0010 0001 0001 0001 0002 00008 000075 8 8 100

0001 0002 0002 0002 0002
070 050 005 007 0048 005 3 1 33

005
00020 0002 00004 00003 6 6 100

0002 00002 00002 00002 0001 0001
0050 0050 00025 00025 6 6 100

0005 0005 c0005 0005 0005 0005
001 001 001 00050 0005 1 1 100

nla Na nla nla 0 0 nla

0 005 0005 0005 0005 002 00068 001 7 7 100

002 002 002 002
nla nla na nla 0 0 Na

0 2 01 003 02 0054 00225 6 4 67

003 003 003 003
na na nla Na 0 0 Na

Na nla Na Na 0 0 na

nla na nla nla 0 0 nla

Na na Na Na 0 0 na

0050 0005 0005 0002 005 00067 00025 5 5 100

005 0002 0002 0003 00017 0001 3 2 67

0002 0003 0002
010 010 0005 0005 5 5 100

001 001 001 001
001

Na nla Na Na 0 0 na

00002 00002 00001 00001 5 5 100

00002 00002 00002 00002 00002
Na na Na na 0 0 nla

0140 0094 0081 0014 05 0180 0154 8 0 0

0198 023 021 011 05
010 c0 01 001 004 00131 0015 8 8 100

002 004 004 c004 004 001

010 010 0050 005 0006 000375 8 8 100

005 0005 0005 0005 0005 001
00020 001 0001 00003 6 6 100

0005 0001 00002 00002 00002 001
na Na nla na 0 0 Na

0 001 0001 0002 0001 005 00038 00005 8 7 88

005 c0001 0001 0001 0001
0050 001 0005 0005 6 6 100

0005 001 001 001 001 001
Na na Na Na 0 0 na

010 c001 001 0005 001 00036 00025 7 7 100

0005 0005 0005 0005
Na nla Na Na 0 0 nla

2 00310 0 0047 00170 00029 00

Na 001Na
00

Na
0 0 p

00059 00075 00119 00034 0005 Na 0 0 ole

na Na nla nla 0 0 Na

0 10 005 005 2 1 50

0
01

0 01 005 005 2 1 50

0 0 0 0 0 0 2 2 100

0
0 2 0 4 p2 15 05 03 6 0 0

03 03 15 03
Na Na Na Na 0 0 na

IL na Na nla nla 0 0 Na

61 26 16 11 503 465 6 0 0

42 57 11 51
5 08 11 405 27 6 2 33

46 29 11 08 5

NOTES Mean and median statistic calculated using onehalf detedion limit 1l2 DL

ND number of nondeteds

Results are in mglL unless otherwise noted
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TABLE 24 WATER QUALITY IN RALSTON CREEK

1998 2007

STATION SWGS

Conductivity umhos
Total dissolved solids

Total suspended solids

Hardness total

Carbonate

Bicarbonate

Alkalinity Dissolved

Alkalinity total

NiVate Nitrogen
Ammonia total

Calcium

Sodium dissolved

Magnesium dissolved

Potassium dissolved

Sulfate

Fluoride total

Chloride

Phosphorous
Aluminum dissolved

Aluminum total

Antimony dissolved

Antimony total

Arsenic dissolved

Arsenic total

Barium dissolved

Barium total

Beryllium dissolved

Boron total

Cadmium dissolved

Chromium dissolved

Cyanide total

Copper
Copper dissolved

Copper total

Iron dissolved

Iron total

Iron suspended
Iron Ferrous Fe2
Iron Ferric Fe3
Lead dissolved

Lead total

Manganese dissolved

Manganese total

Mercury dissolved

Mercury total

Molybdenum dissolved

Nickel dissolved

Selenium dissolved

Silver dissolved

Silver total

Thallium dissolved

Vanadium dissolved

Thallium total

Zinc dissolved

Zinc total

Uranium dissolved

Uranium suspended
Uranium total

Thorium228 dis pCiL
Thorium230 dis pCiL
Thorium232 dis pCiL
Radium226 dis pCiL
Radium226 sus CL

Radium226 total pCUI
Gross Alpha dis pCUL

SWGS SWGS SWGS SWGS SWGS SWGS SWGS SWGS SWGS MIN MAX MEAN MEDIAN COUNT ND ND

102098 112398 121798 11899 21699 31699 41999 72199 91399
7 9 8 0 0

8 81 8 74 83 78 77 76 74 83 79

2 8 0 0

468 452 376 357 808 408 284 287 284 808 430 39

0 0

303 301 245 218 542 328 166 180 180 542 288 273 8

8 2 25
4 5 1 3 1 1 434 10 1 434 79 35

110 150 130 130 4 0 0

150 140 120 110
na na Na na 0 0 na

Na na na na 0 0 na

70 87 70 87 785 785 2 0 0

120 120 140 84 130 82 70 70 140 107 120

8

7

9

0

1

0

11

80 1 8 0 8 0 8 29 04 05 08 05 04 29 10 0

0 0 0 0 0 0 t 0 1 0063 0 8 1 13

0

35 33 29 28 48 269 32 269 48 331 32 7 0 0

4 38 29 28 69 193 278 193 69 364 29 7 0 0

4
11 20 95 125 95 20 134 125 7 0 0

15 15 17

2 3 7 16 21 16 37 23 21 7 0 0

27 23 2

79 79 240 89 41
120 110

04 0 9 0 6 05 5 0 0

06 05 04 04 09
13 1

18 15 14 13 22 14 13
Na na na a 0 0 Na

0 5 05 03125 025 4 4 100

05 05 05 05
Na na na na 0 0 na

030 0 006 0 003 0 003 0011 0006 0006 0003 003 00077 0003 7 6 86

Na na Na na 0 0 na

0 005 0005 0003 005 00141 00025 4 4 100

005 0003
0030 0003 00015 00015 3 3 100L

0003 0003 0003
0 1 01 004 01 0045 0045 4 2 50h

004 004
0 03 040 00333 003 3 0 0

1 0020

003

0020

003

0020

004

0002 0001 0001 0001 0002 00009 0001 7 7 100

000
005 005 005 005 00375 00375 2 1 50

0020 0 0002 00002 00002 0001 00002 0002 0001 00001

025

5

5

5

5

100

100

0050 0 005 0005 0005 0005
0005 0005 0003 00

1 1 100
001 001 001 00050 0005

na na Na na 0 0 na

020 020 0 02 0 02 0005 0005 0005 002 001 001 6 6 100

Na na Na Na 0 0 na

040 0 03 0 03 030 01 003 01 0030 003 5 4 80

Na na Na na 0 0 na

na na na na 0 0 Na

na na Na Na 0 0 na

na na na na 0 0 Na

0 005 0005 0002 005 00140 00025 4 4 100

005 0002
0 002 0 002 0001 0001 3 3 100

0002 0002 0002
010 001 0006 0005 4 4 100

001 001 001 001
Na na na na 0 0 Na

00020 00020 00020 0 0002 00002 00002 00002 00001 00001 5 5 100

Na na na na 0 0 Na

1950 022 013 011 051 0043 008 0043 051 0184 013

02

7

7

0

7

0

100

002 004 004 004 004 001 001 001 004 0016
01000

0

00250 7 7 100

005 0005 0005 0005 0005 001 001 0005

0 0002

005

0 005 00012 00001 5 5 100

0005 0001 00002 00002 00002
na na na Na 0 0 na

050 0 001 0001 0001 0001 0001 0001 0001 005 0007571 00005 7 7

5

100

100

0050 010 010 001 001 0005 001 00050 0005 5

Na na Na na 0 0 n a

010 0 01 0005 001 0004 0005 6 5 83

0005 0005 0005 0005
Na na na Na 0 0 na

0076 00460 00620 00450 00051 00037 00038 00046 00037 00076 0005 00046 8 0 0

0
na na Na Na 0 0 na

na na na na 0 0 Na

0 0 0 0 1 0 0

0
0 0 0 0 1 0 0

0
0 0 0 0 1 0 0

0
70 03 09 054 04 5 0 0

04 03 09 04
na na na Na 0 0 na

Na na Na na 0 0 Na

I
3 g 22 76 435 36 4 0 0

22 36 76
5 15 5 205 21 4 1 25k

22 2 15

NOTES Mean and median statistic calculated using onehalf detection limitt2 DL

ND number ofnondetects

Results are in mgL unless otherwise noted
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TABLE 24 WATER QUALITYIN RALSTON CREEK

1998 2007

STATION SWBPL

BPL SNFBPL SWBPL SWBPL SWBPL SYLLBPL SNFfiPL SWEPL SWPL SNFBPL
9PL SW

SNFBPL SWBPL SNFBPL SWBPL SWaPL SNFBPL SWBPL SWBPL SWBPL SVLLBPL SWRPL SWBPL SNFBPL SNFBPL SWAPL SNFBPL SNFfiPL SNFBPL SVJAPL SW6PL SNFBPL SW6PL SWBPL SV4BPL SWAPL SW

9A7 128A1 128101 327A1 327A1 41807 416101 529A1 529A1 8179A1 711A1 824A1 917A1 7024A1 1127A1 1218107 121102 226102 326A2 424A2 52tY02 62502

102098 17119190 1777198 11999 2H SFJ9 311599 119M139 517199 6H499 714199 9113RJ9 1221A0 11l21A0 1 28ID1 1 2
7 9 7 5 8 1

80 87 76 7fi 84 78 77 72 75 78 78

6

76

462 318 256 204
291 17fi 155 159 388

479 478 453 406 509 412 196 141 184 282 32
288 200 129 100 126 156 769 248 195 208 160 177 212

310 322 321 212 385 299 728 114 140 794 172
10 10 10 1

6 3 7 3 7 1 4 4 10 147 10

750 150 720 120
10 10 10 10 1

87 3 95 883 86 885 952 108 738 738 659 124

78 88 71 65 IS 57 79 87

85 39 51 83
45 43 85 71 80 77 79 77 73 78 90 61 81 54 1

720 100 110 88 110 85 85 39 78 80 71 65

04 18 13 08 17 08 01 38

0 i

05 05

7i 632 36 31 4 30 142 528 312 302 288 631
0 0 0 0 0

41

0
27 434 312 237 781 182 30 289 40

15 15 i6 14 6 743 178 208 155 137 129 248
35 35 32 28

d 40 8 20 269 6 i8fi 138 121 94 97 136 142
3 139 10 71 7 102 10 736 17 690 87 897 897

44 38 38 3

13 14 1 3 89 123 10 150 101 73 57 56 97

7 2 39 7 9 2781 18 17 253 228 781 232 18 351
75 7fi 70

1 32 1 2 19 21 15 22 17 15 14 15 1

1 565 35 36 11 1 357 439 714 106 382 355 359 134
28 25 23

B7 180 91 27 17 19 42 54 106 170 524 54 30 45 207 26 51 40

120 120 110

5 0 70 3 305 172 27 365 31 279 116 34 322 289 29
06 05 05

15 14 12 10 72 14 22 237 26 140 19 194 27 163 19

218
1

79 15 11 13

0 070 1 0 1 w10 w1 01 01 07 w1 01 w2 02 p2 w2

5 05 0 55 00
03 c02 02 02 02 2

0 01 1 01 c0i0 01 0007 01 01 01 007 02 02 02 02

01 0010
c

003 w008 0003 0003 OOOB c0006 0006 0006 0001 0002 0007 00
005 0001 005 005 005 0001 w05 005 0001 0007 0001 0001 0001 0001

oos oao3 ooos ooos ooos
woo1

ooot

0001 om1

ooot ooot ooot 0001 001 oom wm1 wo1 oD1 wot 001 wot wot

OOD3 0003 0003

004 003 01 01 01

003 002 004

007 w002 c0002 0002 00020
0002 0007 0001

005 005 005

0002 00002 00002 0001 00002 0001

0005 0005 OWS 0005 c0005 0005
c001

o oos

0005

o oos 0 005 ooos ooos ooDS ooos oot oaos aot oot oot 001

o aot

001

D o1

001

otw

001 001 0007 oaos omz o

001 oaos waos woos ooosao2 0o
ooz ooz wo2 002 001 ooos wo1 001

0303 03 0

001

03 0 030 003 003 003 003 w03 003 003 003

03 0 0303 003 00
02 01 w03 003 c003 003 003 003 00

003 004 OD3 0038 0121 0034 0701 0062 0187

01 005 007 000 004 004 w03

0038 012 0034 0181 0035 0787

02 0005 0005 0005
005

05

0005 005

05 0 05005 00 005 0001 005 ODS w001 0001 0005 w005 0005 0005
OW 00

c0002 0002 c0002 010 01c0

0

001 w01 001 001 007 001 001 001 001 001 w01 007 002

001 007 001 001 007 001 w01 001
001 c007 w01 c001 001 001 W01 w01 001 001 001 001 002 006

oooz ooooz oooozoooz oo aooz o

oom

w oo1

ooom Dao1

oooot om1 ooot ooot 00001 ooot 0001 00003 wooot 00607 aaoot oaool oaaot

0110 0020 0 1 00756 01 01 wt 00226 01 01 00354 00341 0008 007 0006 0027

204 022 017 013 0330 0009 0057 0076 0005 0022 0026

002 004 004 004 000 001 001 007

005 0005 0005 0005 0005 001 c001 007
c001 00007 w01

1 010 001 0001 0001 0007 0015 00
w005 0001 00002 00002 00002 001 001 00007 001 001

001 om1ao1 0o

001 w07

oo1 0001w

00

oaot oao1 woo1 oaot om1 oao1 0001 oaot

ao1 0001 0001 oaoto a5 o 0001 om1 om1 0001 omt om1 oaa1 omt omt

woos oD1 wo1 001 001 oat 0001 omt 0001 0001 ooot wmt 0001 ooot om1 ooot omt 0001 woo1

aos ooos ooos wooso wo1 001 oD1
001

oao

oo1s ooz

ooos oos o01 oot 001 001 wo1 0016 ooos oaos ooos o031 oo2z

04 0 0210 0 017 009fi0 038 000480 00037 00249 00105 0008 00095 00087 0009 00077 00176 00304 00908 00317 00504 0024 00597

0 003
00142 00062 00042 00047 00008 00037 00034 00024 0002 00033 0021 00185 0072

0 002 0020 00017 00003 00004 00003 00005 061 00022 00002 000003 w0003 00003 00003 00003

00003 00001 00007 00007 00003 0002 0002 0002 0002

0
01

i 0

0

01
0

0 8 0 6 40 09 14 1 15 73 De 02 02 11 07 02 06 02 1

8 053 00 02 02 0 05 07 74 08
0 0 07 02 01 2 04 07 02 w2 02 06 c02 23 02 02

L 0 0 0 07 0 0 0 0

i 94 77 51 21 31

9 36 02 c5 5

NOTES Mean and median statistic celwlabd using onate8 debction limit 12 DL

ND number of norWebcls

ResJb are N mglL unties otherwise noted

Page 12 of 25
wneamnewrro4sas



TABLE 24 WATER QUALITY IN RALSTON CREEK

19982007

STATION SWBPL

WBPL 6B S8W SS
5NL8

92603 031N3 1031 A13 512519P3 51255N9 6109 SyWBPL
S 51WAPL W28LSPL SpL4

5 S

555S555S5
54

I3W04029A4pa 72904830A4 82801
7 1 703 9280382303 729N352203d29N33260332803227A32117N3710312102 123102

PN std arum
138 745 113 145 211 116 159 124 145 119 1

Conductiviy urllh0f
73 74 755 382 259 268 207 190 2112

Toml disadved solids 527 461 376

Tobl nded weds

Hardness mml 54 43 82 12 81 58 73 fit

Carbonam
5 140 108 323 415 69s 750 121 100 82 80 72 37 62

75 SD 48 80 51 52
6lproopm

d

16

92 72 q1 65 54 35 87

DiaadveAIkaG
89 27 36 57 723 100 7 W

Alkalinity mid

Nitram Nitrogen

119 115

9 30 25 187 317 292 235 204 23

9 12 29mW

91 7 9 56 575 30s 111 779 239 676 39 10 12 1U 6 27 12 95 128 128 107

2 79 97 1736 66 6Callum
disaaNedSodium 2d5 338 184 15fi 746 781 737 753 113

9 14 11 78 87 93 63 8

7

55 92

5 76 13 15 19
4 17

diasoNedMa9neamm 30 263 186 579 449 468 684 218 11

04 2 63 31 31 37 24 93 03 3

25 77 31 22 12 15 77 15 20

Pomaaium dissdwd 405 177 323 197 161 215 766 4

5 22 1s1 59A7 1677
44 97 34 3fi

Sulbb 198 170 132 578
22 22 28 22 25 27 27 23 29

Fluoride bbl

Chbdda 358 347 242 231 15 135 209 272 15 26 27 28 37

2 02 02 02 02 02 0
0 2 c0

Phosphorous
Mdd c0 2 2 020 02 02 02 02 02 02 02 02

2c0

02

0 2

02
02

c02

02

02

02 04 02 02 05 02 c02 07 01

001 0001 0001 0001 0001 0007 00swAluminum
toblAluminum c02 02 02 02 038 033 D2 02 02

01

c02
0 001 0001 0001 0001 0001 0001 0007

001 0001 0007 0007 0001 005 c0
0 001 0

Andmony diawNed 0007 0001 0001 0001 0001 0007 OODi 0001 00

001 0007 0001001 0007 00
0001 0001 OODi 0007 0001 0007

t
AnUnanY mml 0001 0001 0001 0001

010 om oD1 oot DD1 oot mo1 Doot om

Aroema aiawlvee
ot oto oot oot oot oot coo1 oDt oot 001 001 cDm

Arerdmim wot woi o

sedum disaoNed

Bari m mblu

i m diswNedBe

Raronumbl
Cadnuum diswNed

chromium aiaaawa

c ids mm 0 005 0005 0005 0005 0005 0005 0005 0

Copper oos aas ooos ooos ooosoos wo
0005 oaos ooos ooos ooos

o oos Doos ooos oaas ooos ooos aoos woos oat ooi

r aiadeaoevve oaos oaofi ooos o

0 005 005 0005 0005 0005 00050
0005 oaos ooos ooos

0 03
006 003 003 007 009 005 007 0

4 0 11
Copper mtal 0005 0005 0005

0 03 0 03 0122 0071 003 003 0036 017 003 p05

0 03 030
071 011 021 72 041 01d 02

Iron dissolved 003 003
030 03 0 003 0405 0391 0767 0037 011 017 003

Iron mbl

Iron suspended

003

088 017 113 006

Iron Ferrous Fe2
Fenic Fe3Iron 003 003 003 003 0283 032 0762 0037 0053

0 005 0005 0005 0005 0005 0005 0005 005 005

Lead diswNed
005 OOSO 0005 0005 0005 0005 0005 0005 0005 OODS

0 01

0005

010

0005
007 007 001 001 007 001 001 001

0701 00 01 0
Lead mbl 0005 0005 0

0 01 010 007 001 001 007 001 001 001

o1co o1w 001
004 007 002 006 001

Ma dissolvednganew 004
o m

001

oat oot 001 Do1 oot coot o01 oot oot ooz

aoD1 waaot wooot 0001 cooot0001 ooaol 00001 o0Margeroae mml

Mroury diawlvd o007 w0001 p07 pc
00001 00001 oaool 00001 aooot

0130

a1wo7

077 00140 0005 0009 0009 OOOS 0005 0005 0005 0005

Mercury mml 00001 00002 00002 00006

OOSO 0 0050050
0041 0031 0018 002

Mdybdenum diawNeO 0061 OOd7 0036

Nkksl dieaoNed
diuoNedSemrtium 0010 DOD1 0001 0001 0001 0001 0001 007

Sliver diaaoNad
009 001 00p1 OOD7 0001001 00

0001 0001 0001 0001 0001
0 001 0001 0001 0007 0007 0001 0001 0001 0001 0001

SiNsr mml 0001 0004 000

i

0

omt omt omt 0001 ooot oDO1 0001 0001 OODi 0001

t oo t
Thalkum aiawlvea oao1 ooot om

o oot ooot ooot ooot coaol ooot ooot omt

vnamumdiawlved
court 0001 oaot oao1 0001 om1 omt ooot 0001 0001 oao1 0001 om1

ooe oaos Doos oat wotaos ooos o007 ooTrbiwm mml

nraaiawlvd 008 0008 0012006 00 005 0
oaos oao7 ooos oots

0 117 010700 0
003000343 1

00

00

Zirw mtal 001 0013 007 0012
0212

0 0542 O 0257 015 0702 0121 80002
0003 000030008 00003 012 00009 00262 000007 0

Uranium diawNad 0521 045 0597 0378 012 00648

03 OOD3 w000300003 O 2 0002 0002 x002 OOD2

Uranium wspended 00003 00003 00003 000

Uranium mbl

Thoduln228 dis C9L

dia pCdLThodum230 46 00 02 1 06 04 05 02 02 0

Thorium232 dis p00L 4 03 030
09 10 10 04 05

10 01 01 D2 02 02 02 02 02 0

Radiurm226 dia pCVL 07 73 07

0 2 0 2 02 02 07 07 01 co1

Radiurtr226w DdL c02 02 05

Radiurm228 bbl pCiL
Gross Alpp dia pC9L
Groea fieb do ilL

NOTES Mean erid nredian ataBSEC pkatlatsd using ansfiag dsbclon limn 72 DL

ND number o nondebcta

ReaJb are in nglL unbw alharwise wled

WhelysnarcArm47lsaes
Page 13 of 25



TABLE 24 WATER QUALITY IN RALSTON CREEK

19982007

STATION SWBPL

BPL SNFBPL SW13PL SWBPL SWBPL SWBPL SNFBPL SNFBPL SWBPL
L SW

MIN MA MFAN M EDIAN COUNT ND ND

SW03PL SWEPL SN4BPL SNFBPL SNF6PL SN4BPL SNUBPL SWBPL SWBPL SW43PL SVJBPL SWBPL SW43PL SWBPL SWAPL SVJBPL SWBPL SWBPL SWBPL SWBPL SNFBP

4716N6 428108 62206 8130N8 9206 1026N6 11I30i08 1278108 17I27N8 32907 62707 877
75 ifi 0 07

172804 1260s 228N5 322A5 421x05 5l31A5 822105 731A5 813005 102605 71 JOAS 173105 1 231Ofi 13106 2f2508 227108 329106 330106 771 87 78

99 338 323 76 0 0

PM cm urim
180

106

741

73

5

527 202 1715 68 0 0

Condu tinily uMroa
0 360 304 203 201 180 204 7 141 45 4 15 6 4

Toml disaoNad soliM 128 140 14fi 137 116 82 12
120 150 135 735 4 0 0

Toml nMed ralids 1 10 4 5 5 5 100

Mardrea mml
38 323 150 80 738 56 0 0

Carbonate
1 44 70 138 145 85 106 60 39 85 6s 87 1 0 0

Bicarbonate 60 fib 68 65 4
31 27 123 72 71 80 0 0

Alkalur4y DiasoNed
3 34 40 58 113 118 70 85 55 01 38 11 08 10 3 30

Allmlirity mml

Nitrate Nibogen

49 54 56 5

193

0

111

1 015

877 34

0

312

70

57

3 30

0

Ammaria bml
5 Ss S6 586 1976 381 265 139 28 26d 1p 8 40 159 736 57 0 0

Caldum 25
7 1257 737 7 97 107 57 43 30 107 97 65 D 0

Sodium dicadvad 706
2 784 1298 189 56 BA 67

105 89 76 15 1 83 24 21 57 0 0

aaoNedMapregum d 10 123 148
5 31 31 1 2 10 21 11 186 538 38 77 0 0

Pomagumdasolwd 23
13 108 90 51 57 38 67 05 07 06 05 5 0 0

SuBate 19 20 19 18 12 11
zz 10 47s z3z z34 70 0 0

Fhmdd mml
6 18 78 23 28 27 25 z4 1 1 05 05 2 2 1

CNodde 2d 24 24 28 76 1

2 02 02 022 02 02 0 2 00
001 p6 0110 01 74 72 87

Phosphorous 2 022 02 02 06 00
03 02 02 02 0202 02 02 pq 0007 1 0135 07 52 41 7996

Ahanmum disaoNed 02 02 02 02
1 0 11 02 00 1 010 01 p9

oo1 om1001 D0
0007 005 00029 00005 77 73 95

Abminum mml 01 p1 01 01 1 04

001 01101 woD1001 0oo1 pm1 0om1 a
0001 0001 om1 oop1 ooD1

oa
oao1 0001 pm1 om1 0001 0001 om1 umi oop1 oos oo1n oooos s2 st ea

Anbrnany maaoNea am1 0001 omt
as 0 001os oos oos oo pos oas

oos 01101 005 ooosl Daoz 6 6 7s

ammonr mml Dos oos oos oopt oos
01 0007 01 OW41 D005 54 Sd 100

Anenia aiaaoNed
01 0007 0001 0001 0001 0001 001

001 0001 00 001 0
0001 0001 001 0037 Ob3 07 006283 0045 8

4

3

0 0Arceni0 mtal

Barium diwoNed
ppge 002

0001

0098 0017

0002 0001

0035

0001 8 6

Barium mIW pp5 005 0025 0025 3 3 100

Be um diseoNed 00002 0002 00001 00003 6 8 7

Boron mtal 0005 0005 00025 00025 6 6 100

Cadnium dissolved p01 001 00050 0005 7 1 100

Glvorgum tliseolved OODS 011U5 01025 00025 1 1 7

C anidebml
001 0001 0001001 0002 0001 00

0007 002 00033 00025 75 63 84

Capper
005 0005 0005 0005 0005 OOOS

005 0005 0005 0W
OODS 0005 0005 0001 0001

0001 c0001 0001
1

0001
0005

0
0001 001 00033 00025 s2 48 92

Copper disadved 0005
07 007 000501 007 001 0005 cp0

007 001 0001 006 003 041 00011 0015 60 40 67

Copper mtrd 001 DO7 001
06 D0303 006 072 041 00

003 cp03 003 05 003 12 018262 009 45 17 24

Iron dssoNed 001 003 003 003
05 00308 044 062 01 0 003 004 0 045 003 01 0050 000 7 1 14

Iron mml 009 005 009 013 03
03 00603 003 00 03 0

003 007 002274 0015 11 12 0857

Iron auapeMad 003 003 003 003 003 003 007 co03 003
003 113 0149 0044 32 12 38

Imo Fsrroua Fe2 03 003OS 038 D51 003 D0
003 003 003 c0002 005 00108 00025 8 8 1

Iron Fsmic Fs3t 005 DOS 007 01
0005 0001 005 00098 00025 54 50 100

Lead diasoNad
05 005 000505 0OS 005 D005 00

005 005 0005
01 001 OD701 001 001 001 0

001 004 00087 0005 72 62

LaadbW 005 005 005
01 00101 001 007 0c0 001 001 001

001 001 001
001 001 001 0 A2 001 006 00718 0005 s1 36 71

Marlgarese diewNed 001 001 001 001 001
0101 002 003 03 0 007 007

002
00001 0001 00002 00001 8 B 700

Ma sa mml W01 OD7 001 001 005 00
00001 00001 00043 00003 000005 57 50 88

Mercury diasaNed
0007 OOD7 W001 0001 0007 0001 00001

001 0001 0OD1 0O
00p1 0001 c00001

0075 0 028 0032 001 0016 0008 0018 0005
1 0 005 00

OOD2 033 00316 00110 79 27 34

Mercury mhl

Mdybdenum diaaoNed 0005 0005 0005 0005 WWS 0005 0005 0028 0028 001 0076 OWB 0011 0013 DOOS 0021 0018 000 001

O1705

004 00137

005 0006

0015

00038

8

8

6 700

8 100

Nickel dissdvsd 00007 001 00020 00005 9 9 1

Seterium divoNed 0007 00007 0015 0003 00005 51 50 9

Silver disaoNed
p1 oot oot op1 001o1 oot w01 oot 0

001 001 U OOOr
1101 0001 0001 0001 0001001 O001 00 001 0

pm1 oos ooooez oooos n n 1ao

saverbml 001 o

001 0001 0001 0001 0001 0001001 0001 0001 0OD7 0O
0001 0001 0001 0001 0001 OODi 0001 0001 0001

OOOS 001 0005 0005 6 6 700

ThaOium dissolved

Vanadium dissaNed
1 01 00071 Dt 01 o0 07 01 0001 0001

0007 0001

0005

07 D01 i92

002 p0085

011005

0005

52

10

52 700

8 80

ThaBwm mml 01 01 W1 0001
0005 0003 005 00081 0005 d9 30 61

Lrw disadvsd
01 001 007 001 001 0006OOS 001 O07 00

001 001 01103 U2244 0702 0151 00636 0165238 O0129 00
1 0 03

Lro mbl 001
248 0242 010s0124 00074 0006 00204 00

0155 00795 0378 00315 00551

0011 0117 00197 OZ 0001 00003 00001 4fi81 0 000350 64 34 53

Uranium disaoNad 00177 00181 002
0004 c000030003 0OOW 00008 O0024 0 00003 00023 3 0009 00081 0009 000855 000855 2 0 0

Uranium auslwrded 00003 OOW3 00003 00004 0 00081
0 07 005 005 2 0 0

Uranium mml 0 01 005 005 2 0

Thodum718 die WL 0 0 0 0 2

Thodurrf230 die pCilLl p2 D6 0 0 15 055 05 65 11 22

TMdurrv232 die pCUL
2 02 06 05 062 03 02 00

12 05 08
14 02 0 23 019 01 87 47

Radiurrv228 die pCOL 02 02
2 04 02 012 01 0 2 00

02 02 01 15 15 15 150 1s 1 0 0

Radiurm226 cu UL 03 02 02
21 94 538 51 5 0 0

Radium226 bml pCUL 02 9 356 25 5 2 40

Groa Alphv dielICirL
Gross Bem die i2

NOTES Mean and median am7is8c okwlated agog orelm8 deletion limit 12 DL

ND nunrbar of rarWemcls

ReaJb era in mglL unlau olNervdse retell

WgtaOneAJtodstesl
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TABLE 24 WATER QUALITY N RALSTON CREEK

9982087

STATION SWFBRG

FBRG SWFBRG SWFBRG SWFBRG SWFBRG SWFBRG SWFBRG SWfBRG SWFBRG

FBRG SWFBRG SWFBRG SWFBRG SWFBRG SWFBRG SWFBRG SWFBRG SWFBRG SWFBRG SWFBRG SWFBRG SWFBRG SWFBRG SWFBRG SWFBRG SWFBRG SW

122102 22602 32602 41802 424102 52802 52902 731103 22603 326103 32803
SWfBRG SW

1111998

fBRG SW

1217198 11999 714199 7221100 12901 22101 2801 22801 327107 61901 711101 82401 91701 1024101 772707 127907

pH std unks 82 73 77 75
494

Conducevily umnos 354 515 581 304
194

141

Total dissolved sdidz 232 380 335 200

TotAw ended raids 1 2 3 10

Hardness total 120 150 170
126

carbonate 946
7a4

Bicarbanata
7 m4

akamity Dissaved ea
7e

6

Alkalinity total 100 110 120

Nitrate Nitrogen 09 17 17 05
30 9 825

Ammonia toW 0 0 0 1
313

13 8 3yg
Caldum 28 35 38 141

8 88 272
Sodium dissolved 26 46 52 98

622 142
Magnesium dissoNetl 12 i6 18 14

337 182
Potassium dissdvad 2 25 27 e

Sokoto 72 140 150 13
33 9

Fluoride total 04 06 06 267
287

cnlonae 17 14 n 16

oz p2

Pnoepnaroaa 01
20 02

Aluminum dissaved 05 05 p5 p1
0001 ppo1

Aluminum bf

Antlmony dissdvad 0008 0005 0003
005

0 OS
0001 0001

Anamorry total

Arunic dissolved 0003 0001
001 001

Arsenic toW 0003 0003

Barium dissdvad 003

BedumtaW 004 003

ee wm aieaaee oooz ooa2 pooz

Boron total

cadmwm diaeaee poooz oapoz aoo1

cnrartdam maaavea oops ooas ooDS

cyaniae tool
opa5 oooe

Copper
Copper dissdvetl 002 002 002

007

p 01
0005 0005

0 03

Copper toW 003
003

0 03 0039
Iron tlicsolvad 003 003 003

Iron total 004

Iron suspended 003 003
Iron Fertous Fe2
Iron Fertic Fe3

0 005 0005
Lead dissolved 0002 0 OS

0 01 001
Lead total 0006 0002 001

0 01 001

Manflanese dissolved 001 p01 001 001

Men anew total 00020

Merrury dissdvad 00002 00002 00002 0001
00001

04U
Mercury taW 01

0071

Mdybdenum dissolved 072 022 024

Nickel dissoNetl 004 006 004

Selenium dissaved 0005 0005 0005
0 001 0004

Silver tlissoNed 0001 001102 00002 001
0010 0010

SiNar total 0001

Tnmwmdissaved ooD7 Doa1 ooD1
0 001

Vanadium dissalvetl 001 001 001 0001
0001

Tnalium total

Zine tlissoNetl 0005 0005 0005 0 01
0005

22

0045

4410034 00 3780 0543 00
total7nc 0056 00006 00712 00073 001320098 00082 00092 00

00252 00368 00462 00034 00497 002
0 0003 0 0003

Uranium dissaved 00062 00046 00057 00049 0016 014 00345 D0245
0003 00003 00003 00003 00003 00027

002 0002 00
00003 00003 00003 00017 00003 00003 00004 00003

Uranium wspended 00003 00001 00001 0002 0002 00043

Uranium total
00335

Thorium228 dir WL
Thorium230 dir pCilL

dir pCilLThodum232 2 1 08 06 094 71 7 1
07 06 02 05 07 02 05 7 1 01

0
dir DCULRa6um226 04 05 11 23 1 2

2 02 02 0218 00 0 2 0
06 08 02 0 07 02 0 02 02

Radiurrf226 wsp DCiIL 0 0 0 01 01 0

Radium228 total pCilL
Gross Alpha tlis pCUL 57 420

Gross Bete dis CiL 38 300

NOTES Mean and median statrstrc calculated using onehalf deteaion link 12 DL

ND number of nondetects

Rawlts ere in myL unless otnervrise noted

Page 15 of 25
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TABLE 2 WATER 17UAUTYIN RALSTON CREEK

19992007

STATION SWFBRG

RG SWFBRG SWFBRG SWfBRG SWFBRG SWFBRG SWFBRG SWFBRG SWFORG

FBRG SWFBRG SWfORG SWFBRG SWFBRG SWFBRG SWfBRG SWfBRG SWFBRG SWFBRG SW4BRG SWfBRG SWFBRG 6WFBRG SWfBRG SWFBRG SWFB

3104 62904 72904 830104RG SW 92904 1028104 173004 7228104 72505 22805 322105

SWFBRG SWFBRG SWFB

73103 92fi03 103103 1013703 112503 121603 123104 22504 33004 42804 53704 513104 5

42903 522103 623103 729103 73103

pM std units 124
14

Conducdvdy umhos 215
796

Told OiwoNad sdids 386 261

Total w ended sdids

Herdnoss total 81
83

Carbonate 88
83

Bicamonate 123 117
50

5

Alkalinity Dissolved
88

68

Alkaliniy total 101 96

Nitrate Nitrogen 25 1 21

Ammonia total
81 1 36 7 19

318
e 8 1p

CakAUm
4 15

126 7

Sodium dissolved 146 11
10

93 2

Magneswm dissolved 18 114
3 1

tg
16 1

Potassium dissdvad 342 256
46

32

SuMeta 138 602 2

FWodde total
29

25

cnltdee
z1 ne

oz
o

Phosphorous
dissolvedAWrtrnum

02 02 02
02

02
01

01

0001

Aluminum total 02 02 02

0 001
0001

0001

0 05 0001

Antimony eissdvee 0007 0001
0 001

0001

Antimony toW 0001 0001
p001

001

Arsenic dissoved
0 01 0 01 001

001

Arsenic taW

Barium dissolved

Badum total

Be rum diwaNad

Boron total

Cadmium dissdvad

Chromium dissolved

C snide fatal 0 005

Copper
dissolvedCopper

0006 0005 0005
0005

0005
001

000

003

totalCoPPar
0005 0005 0005

003 Q 21 011

Iron dissoNad 003 0041
030

02

Iron total
0162 0177

Iran wspended 00

Iron Fertous Fe2
0162 0041 003

02

0Iron Fartit Fe3

Lead dssoNad
0 005 0005 0005

0005

0 01

005

0 01

00

001

Lead total 001
010

001 001

Manganese dissolved

Man mesa total
006 001 002

0 001 00001

Mercury dissoved
0 0001 00001 00001

00001

0 009
0005 000

Martyry ford
0280 0 027 0 027

Molybdenum dissolved

Nickel dissoNad

Selenium dissolved 0 01 007

Silver dissolved
0001 0001 0007

0001

0 001
0001 0001

Silver total
apa1 9ao1 0001

Tndrpm aiwowed

vanadium mwdved
0 001 0001 poo1

6001
p 1 oao1

TheOium total 001
0005

Zinc dissoNad

Zino totd
0021 001 0009

0 13 110 08090 03140 00074

0005

00008 00597 0058
0 0003 0 0003 0 0003

dissolvedUranium 00071 00112 0035 00637 0168 077 022 0155 011 011

p 002002 0 0 002 0020 00003 00007 00646 00016 00011 0007 0003p003 00003 00003 0

Uranium wspended 0002 0002 0002 00023 00003 0002 0002 0002

Uranium lord

Thorium228 dis Ciy

Thoum230
dis pCUL 3 022 00 05 02 03 02 02 02

Th um232 dis pCiy
4 1 80 9 080 D8 06 05 05 03 02 02 02

3 0 2 0 20 02 02 02 02 02 02

Radium226 dis PCiIL
COL 01 01 01 01 01 01 01 01 01 c02 02 08

RaeiurrF228 wsp P

Radium228 told DCil
Grave Alpha dis pCilL
Grow Bate dis CiIL

NOTES Mean and median statis8c cdculated using onehdt detection limit 12 DL

ND number o1 nordatects

Rewbs ere in mglL unlew otherwise noted

Page 16 of 25
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TABLE 24 WATER QUAUTYIN RALSTON CREEK

19982007

STATION SWFBRG

FBRG SWFBRG SWFBRG SWFBRG SWFBRG SWFBRG SWFBRG SWFBRG MIN MA MEAN MEDIAN COUNT ND ND

SWfBRG SWFBRG SWFBRG SWFBRG SW4BRG SWFBRG SWFBRG SWFBRG SWFBRG SWFBRG SWFBRG SWFBRG SW

830O6 102606 113006 1 227106 113107 32907

6184
9507

5 0 0

421105 53105 622105 73705 8130105 1026105 113005 723105 73106 227106 53106 622106 73 82 77 77

5 0 0
266 266 561 100 354

pH rid units 176 124 494 268 213 18 0 0

Conducdvay lurtutos
94

210 1 10 26 25 4 2 50

Total Dissolved soids
2

120 170 147 150 3 0 0

Totelw ended solids
Na Na Na na 0 0 Na

Hardness total
85 81 133 956 918 12 0

Carbonate
133

98 98 98 88 98 1 0 0

BicaAonate
70 50 120 88 p9 15 0 0

Alkalinity Dissdved
111

Bo 05 77 11 13 4 1 25

Alkalinity total 0 i 0125 0000 4 7 25

Nitrate Nitrogen
289 19 825 373 316 15 0 0

Ammonia total
52 8 356 10 7 98 52 799 741 15 0 p

Calcium 156 8 1 7 3 272 131 114 13 0 0

Sedum dissaved
122

17 2 18 74 442 3 3 13 0 0

Magnesium dissolved
2 8 23 16 192 72 49 16 0 0

Potassium dssoNed
89 Od 08 05 06 3 0 0

pSu9ete
23 11 339 226 24p 75 0

FWorida total
29

26 Na Na Na Na 0 0 Na

Chlodde
0 2 c0 2 02 01 05 012 010 22 22 100

Phosphorws c02 02 02 02 02 02
02 01 02 0079 0100 12 12 100

AWminum dissaved
07

01
0 001 c0A01 0010 0007 0007 0007 005 0002 0001 22 21 95

100AWminum total
0010

0001 0001 0001 0007
0001 0001 005 0009 0001 12 12

AndmonY dssaved
050

005 0003 0003 00015 00015 1 1 100

Antimony fatal
c07 0001 01 00068 00050 16 14 100

ArseNc assaea
0 001

opt 003 003 003 003 1 0 0

Arsenic total 003 004 0035 0035 2 0 0

Banm dissavea 0002 0002 00010 00010 3 3 1

Barium total Na Na Na Na 0 0 a

Be m dssavad OOp02 0001 0000 0000 3 3 100

BoronutoW 0005 0005 0003 0003 3 3 100

Cadmium dssaved Na Ne Na Ne 0 0 a

Chromium dissoved Na Na Na Ne 0 0 e

C snide total

C 0010 0010 0 001 0001 0001 0001 0001 0005 0001 002 000 000

00

22

12

18

11

82

92apper

Co dssdveappOf
0005

010

0001

0001
0005

003

0007

003

001

006

00

0021 0015 1d 11

Copper total
003

003 008 003 021 01 01 11 2 18

Iron dissolved
170

003 004 004 004 OD4 7 0 0

Iron total

suspendedIron 0 19 0 07 003 001 003 003 003 003 003 019 005

0 07

002

0 04

8

9

5

1

63

44

Iron Fertous Fe2 008
003

003

0002

02

0002 0001 0001 1 1 100

Iron Fertic Fa3
0005 0002 005 00075 00025 74 13 93

Lead dissolved
005

0005
0 01 0 01 010 001 001 005 0008 0005 22 19

Lead Dial
0 01

007 007 001 001 002
001 001 006 0012 0005 12 9 75

Men anew dissoNaO9 002
001 00002 00002 00001 00001 3 3 700

Man enae total
00001 00001 0001 OA002 00001 12 12 100

Merwry dissolved
0001 p0001

0 015 0180 0140 0005 0005 024 0041 0018 22 7 32

Merwry total
0018

0027 0005 p005 0078 0012
001 004 002 002 3 3 100

Morybdenum dissolved 0005 0005 00025 00025 3 3 10

Nickel dswNed 00002 0001 00002 00001 3 3 100

Selenium dzsolved
0 001 00005 001 0002 0001 12 12 10

Silver dssoNad
001

00005
0 001 0 001 0 001 0001 0001 0001 00005 00005 22 22 100

Silver toW
0001

0001 0001 0001 0001 0001
001 001 00050 00050 3 3 100

Thallium dissaved
0001 0001 07 00 00 12 12 100

Vanadium dsaoNed
0 1 0001 p005 0005 OOp3 0003 3 3 100

Thallium total
0 005 0003 0045 0009 0005 12 7 58

Zinc dssaNed
c0 O1

0003
09950 017 0117 021 5

sZinc toW
0126 0205 02 0706 D15 0107

0077 00072 00
0122 0176 00046 00129 0138

0030 00024 00007 OOOp 00646 0018 00004 62 35 56

Uranium dissolved
0006 00015 00003 O000d 00003 OOp03 00008

0021 00
00008 00003 00098 00098 00335 00217 00217 2 0 O

NUranium wspended
Uranium total

Ne

Ne

Na

Na

Na

na

Ne

Ne

0

0

0

0

a

a

Thorium228 ds CiIL nla Na Na Ne 0 0

Thodum230 dis pCtlL 02 02 0 00003 23 054 050 58 20 34

Thonum232 ds pCUy
6 02 08 06 022 02 0

00003 07
0 2 p6 02 0 08 014 070 58 39 67

Redium226 ds pCVL 02 0
2 07 02 022 cD2 00

p2 01
06 08 06 060 060 1 0 0

Radurrv228 wsp DCiIL 02 02
57 420 273 213 2 0 0

Rectum228 lotaf pCUL 38 300 152 152 2 0

cross Alpha ca lpcin
Groan eats aia cuL

NOTES Mean end median statistic dwlated using onehalf detac8on limit 12 DL

ND numberonondetects

Rewlts ere in myL unless otherv4se noted

Page 17 of 25
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TABLE 24 WATER QUALITY IN RALSTON CREEK

19982007
crnnnu eweau

RMN SSWF H SH 6SNMRSWAA RSWSAN

S SWA
SW

5
RN S1 MSH 5SSRSR S6WAH 5 3OSVMN

5SN
6WAR

H
SWAR

SAM
5SH SSWARH BH SWFRM SWJtRSWARH 5V

352SA3ZZ n

1 aC 11 99B 11 1Oa

pH lard urMS 85 78 78 79 139

GMUCtNBY umhoa 511 523 570 W2
n3 1S9 19

Taal tliawNed wyda 355 319 350 287

raolwponaeaaba z 3 7 lo

HaranwMl tso 160 160

Carbonate 100 5d8 67

ILmNOrete

A1u6 DnwNatl 100 d 6

Adabary IOW 97 2d0 110

NNete NBro9m t8 l 1 05 177

Ammoria toW 0 0 0 t
362 28 328 89

DalcWm 37 38 36
183 163 18 52

Sadlum aiaaoNatl LZ d6 54
11 652 953 13

Mapneaium diwaved 18 i6 18
23 197 21d 17

Pobwiumdldvatl 25 25 2B N 421 591

Supale 130 id0 160 100 20

Fluoride toW 05 06 08 288 237

CNlodae 1d 17 18 18 02

pfgapboroua 1 02 02 01

Nummum diaaoNed 05 05 m5 01 p2 02 0001

Mrmimw toW 005 m001 0001 m001

naimoro aiwNaa oaoe ow3 mro3 oos moo1 oml

nnumoro tow mD1

Arwnic tliwoNed 0003 c0OD1 001 m01

y1fNM Mal m003 c0103

IwwmdioNee ooa

Narlwn toW ooe o03

6e ahaoNetl moo2 mooz mao2

eoron toW

aamam dhoNa aaaoz miooz mm1

cmomiam aaaoNea moos m6as o9os

c aNao low oeos

Coppx ao1 oou ooos moos

GoppndhaNoa wo2 moz moz Do1 maos moos oos

Ceppe tmal

um aiwoNw mo3 003 mm ow oofiz mR1

han IoW

Iron awxnaee om mw 003 a73

Iron Fenoua Fa2 003 0062 m03

Iron Fmk Fe3

Leadtlbaolvetl 0002 oas mWS 0005
mol

Leetl tow oooz mom
ool mo1 m01

aoe

Marparawahavee 001 001 mot
oa1 mol mo1

Mm9errow taw

Mercury ahwNetl W0002 00002 00002 mW1 c00001 m0001 0005

Mertury tow m1 0012 0007

Mayb0snum tlbaoNea 02d 023 024

NkkI tlhaoNM m06 004 tlDr

Sebnium dkieNetl 0005 OWS 0005 0001

Silver dhwNed 0001 c00002 mooo2
001 0001 0001

0001

Silva tohl 0001 m001 m001

madam eiwoNea om1 oDO1 aoot
mml

vanaaln alaaowea mm ool mo1
moo1 0001 m001

Tlwfum Mal

trotaiwNea 0005 maos m0os
o01 ooos aoo7

0347 013 017 0100205 00071 00561 0 011 011 D1 00815 00339 0

tow OOM 00035 00083 OtN6 00149 0017 002d5 Ol703 00176
OD O032 O0835 0022 00

00276 00294 00689 00182 0268 00607 0

002 0002 c0002 0002002 0002 00
x002 0002 m002 c0002 00005 0001 0

UnNUm ahaNetl 00103 00057 00067 00103
0008 00003 00035 00003 011003 OOW3 c00003 m0003 00003 c00003 m0003 00003

0004 0002 0002 00

00003 m0001

Vramununpentled 00003 00001 00001 0002 0002 0002

Urenum Mal

TMaum228 tlis pCilL
Tlnaum230dh pCilL 3 11 1 070 06 06 06 06 03

Tlnriurrt232 dia pOiM1 8 19 23 13 1 07 0
6 09 09 00

07 06 0 06 09 06

c tt m1 m1 0 1 01 01 2 02 0
1 00

Ratlhurt226 d1a pc9L1 OB 07 15 12 16 13

2 91 02 22 013 001 0
0 02 co2 02

0
W2 02

Radiuirv226 auapIpGL 01 01 0 01 02 0 0 0 01

RatlWrrt226 toW pCJL
Grow AlpNatlh pCYL 92 31 7

Groat Bae tlb C9L 38 19 2

NOTES Meen and medbn swb8c cakubtea wing me4wf tletaction limit 12 DL

ND number olnondetech

Reath are In m9IL uMew oNerrmw rpbtl

WIMbfuyapaJfef1
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TABLE Z4 WATER QUALITY IN RALSTON CREEK

1998 2007
rnrtnu cwevu

SWARH SW iRH 5WARH SWARH 6WARH SWARH SW1RH SWRH MIN MA M EAN ME DIAN COUNT ND ND

iRH SWARH SWARH SWARH SWARM SWARH SWARH 6WARH SWARH 6WARM SWARH SWARH 6WARH 6WARH
RH 6W 7 329 6207

S 0WARH SWANH SWJ RH SWMRH 8WAItH SWr1RH SWARH SWARH 6NM

829ID0 729AM 8i0106 92806 102806 11YLO6 112W01 113004 1228106 125105 1205 32705 421N5 591N5 62205 21415 820105 102N05 1120105 12105 1311W 31N06 227106 6216 1120108 1276r06 122706 13110

24 B5 781 79 5 0 0

0
t8t 181 50 448 511 5 0

PM lay urtits
112 113 355 230 201 13 0

CorMUGii1yumhos 302 t 10 28 25 4 2 50

Trial diwNed wide tat 168
150 160 180 760 3 0 0

olel auapendetl ao6M Na Na 0 0 Na

Hardneu toy 67 dt 120 7235 185 8 0

Cartoreb 120 100 100 100 100 1 0 O

Bicarborete 762 6
30 36 240 832 685 12 0

Ciswbetl 98 c05 18 id 7 4 1 25

iniN total 625 62
p t 013 0 6 1 25

NBraN NNOpm 196 7 053 315 328 13 0

Ammonb tow
283

p 325
104 89 54 311 152 12 0

Calcium 294 285
144 id

5 8 52 18 112 102 13 0 O

Sotlium dlasaNed 125 122
14 8 139 102

31 13 32 22 222 12 0 0

Magnesium tlinoNed 82 B
32 32 7 160 65A 455 id 0 0

Ponaaium diwohed 18 19
31

gp 47 X

Sudate 23 18
27 14 39 233 2235 11 0 0

FIUGHOe total

z9 28
25

19 28 o D

1 0 50 0121

0

01 18

0 Ne

18 100
cNodae

PlwwMrous 02
02 c02 02 02 m2 02 m2 02 02

04 01 04 0140 01 10 B 80

aluminum dissolved m2 02

2
c01 01 01

o aot mm1 Daot mm1 moot om1 moot mos oao22 paaos 19 t9 95x

aluminum low mz m
m aot ooot mao1 moo1

moot Dm1 mos ootp plwos 1D tD toox

aNimem aweNetl poo1 ooot
m os

mos mos
oop3 m003 00075 paols 1 1 tams

arNmemtow mDpt ooot
ot on o a zu o 7

anenk aiasoNea
0 001 mm1 oao1

0039 o D 3950

AtwnkbW m07 m01
0218 003 0218 009fi 001 3 0 0

tlisscNetlBarium ppp2 0002 OOp1 0001 3 3 tOD

Barvm low p p 0 0 Na

Be um diuoNeO c00002 0001 00002 00001 3 3 100

Boron low ppp5 0005 OOp25 00035 3 3 100

CetlmiumdwsoNed p 0 0 0 Na

Chromium dlswNetl 0 p 0 0 Na

C aNtle toW

05 001 Op030 m001 0001 m001 m001 m005 0007 m02 00061 00025 19 1d 6

Copper 0005 0005 00 0

Dopper tlbwNed c0005 0005
0 01 m01

m01
g06 m03 m09 00381 0015 8 5 56

Copper tWal 0005 0005 009 051 m03 09 0211 0086 10 3 30

hen dlaaalved m03 D05
006

02 m03
0 p 0 0 Na

Iron tool 032 013
033 m 03 0080 03 0 m03 m08 0022 0015 11 8 82

Nen suspended m03 c003 005 00
m03 073 0163 0051 8 3 38

Iron Feneua Fe2i 006
011 m03

c0002 0003 0001 01101 1 1 100

Bon Fenic Fe3 032
0005 c0002 m05 0010 00025 12 it 92

Lead dbaMved
e0 005

m05 005 m05

0101 mm e001 m01 001 e001 001 m01 m01 0006 0005 19 17 89

toy 0005
m01 001 001

0 02 m01 m01 00155 00125 10 5

Marganesa diaaoNed m01 m01
m 01 002 002

00002 m0002 00001 00007 3 3 100

Mangarese tow 003 m01
00001 00001 0007 000023 000005 10 10 100

Mercury disaeNeO c0001
0001 0001

0058 m 016 00150 OO1B 0016 0005 DppS 020 0019 0015 19

Mercury tow m0007 m0001
0005 0023 0015 001

mob m06 002 002 3 3 100

Molybdenum tlieaohed 000 0005
p005 0005 0003 00025 3 3 100

Nkkel dbaMVed 00002 0001 OOOp2 Op001 3

SebNUm tliawNed mmt Oao1 mot oaoz olnos to

swaiwNad
oot

mo1 mo1 mot

mm1 mm1 o ao1 mmt om1 maat poo1 Doot Daoos oaon is 1

siNerroMl ooot o
0001 om1 Doot mm1

01 m01m 0005 0005 3 3 100

TlyYUm tlbwNed 0001 oopt
0001 pOD1 01 001535 00005 10 10 100

Varedium diueNetl
01 07 0t

0005 0005 00025 00025 3 3 100

Tnsan yw m001 0001
oaos Doos pp1 oaofiz ooos5 10 4 60

aiawNetl 001 mo1 mat

1160 0058129 0115 00 0169 00905 010163 0101

zb1p mw oaos oaas
01920215 035 00 0 02 00168 00192 003W 001570 00089 00073 00127 0089 0711 0101 0125 0715

0003
OWB 00003 p00Di 0035 000 000065 58 31 53

UnNUm dnaeNed 00259 100129 00137 00208
0003 000030003 m0 0003 m 00022 0000 00005 00005 00005 m0003 oOW3 00004 c00003 0

0 0102 Dp1o2 00102 0010 00102 1 0 0

susperMadUranium 00008 pOp17 00008 00003 e00003 m0003
0 0 O 0 Na

le1MUnrium p 0 0 0 Na

TNOrium328 tlb 2 0 o p o Na

Tronwr23o aiaIw mz oB o oz a3 0 os 56

TroNerz3z ai IPCvi 2 02 033 m0 m2 02 m2 03 18 0 Od 05 05 09
m2 m2 0 03 010 01 55 35 86

Ratlkm226 tlia aCw 05 04 OS 02 05 03
12 0 2 0c0 2 m m2 c02 02 03 c02 m1 02 m2 c02 01

2e0 2 020 100 01 1 1 700

Ratliuirv226 auwlPCiL 02 m2 m2 02 m2 m2
31 1587 82 3 0 O

Ratlbm328 total OrC9L 36 19 983 72 3 0 O

Grow Alply dis pCUL
Grow Rote dn WI

NOTES Mean aM metlbn alaOW celcdstetl ueirq onedwf tletMbn IbrJt 12 DL

ND number of nortdelects

Reauea an N mglL uNeu otlxrxiae notetl
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TABLE 24 WATER QUALITY IN RALSTON CREEK

19982007

STATION SWLLHG

su ur cuu i un stnu l HG sw1LHG SWLLHG SWILHG SW4LHG SW4LHG SWILHG SWLLHG SWLLHG SWILHG SWLLHG SWLLHG SWLHG
em sne02

SWLLHG SWILHG SWLLHG WLLHG SWLLHG SWLLHG SWLLnc svwn avvnvorz

91389 122100 12901 22801 32701 41801 52901 61901 71101 moo

102198 11t898 121798 11998 21599 31599 41989 51799 61499 71499

pH sd units 78 83 77 77 85 78 77 73 76

177

8

444 238

Contluctivtty urMOS 469 482 517 570 601 420 308 143

132 308
n4

Total dissoNetl solids 303 302 339 352 362 319 1 B7 112

5 10 70
Total sus ended so9ds 2 2 1 1 1 1 369

MaMness total 150 160 160 130 125

CaNOnate
98 8

Bicarbonate
70 38 47 100 81

103

Alkalis Dissolved
totalAlkalinity 98 100 110 110 230 88 70 38

NRrate Nihogen 08 18 17 17 17 08 05 01 08

t

05

416

Ammonia total 0 0 0 0 0

42

0 0 1

142

t

173 335
3B

18
193

Calcium 35 36 36

38 45

24

52 48 89 107 324 12
147

Sodium dissolved 42

15 16 16 17 15 45 55 142
24

24

Magnesium dizsoNed
55 22 72 29 12 11 23 51

682

Potassium dissolved 27

110 130 130 160 160 91 62 17 17 99
Sulfate

Fluoride total 05 05 06 08 06

16 13 9 13 76
28

227

Chloride 78 16 16 14 15
01

Phosphorous
Neddi 5 055 00 05 02

0 1

0 1
0

zsoAluminum
005

0001

Aluminum total

Amtimony dissolved 003 0008 0003 0006 0003 0006 0006 0006 005
0001

Antimony total
0005 0005 0005

p 001
001

Asenk dissolved

Arsenic total

005 0003

0003 0003 0003
10 01 01

Barium dissolved 004 003

Badum total

dizsoNedBe lium

004

0001 0002 0002

004

0002

004

0002 0001 0001 0001

Boron total
dizsoNedCatlrtdum 0002 00002 00002 0001 00002

005

0001

005 006

Chromium dissolved 0005 0005 0005 c0005 0005 0005
001

C aside total
001

001

Copper
dOi N 02 002 0020 002 0005 0005 0005 001

0002
sso aCapper 003

039

CoPPer total

Iron dissolved 005 003 003 003 003 02 01 004
0455

Iron total

Iron suspended 0065

Iron Ferrous Fe2
Iron Ferric Fe3 0005 0005 0005 050

0001

Lead dissolved 005 0002 007

Lead total 0002 0002 0002
0 01

001
001

Manganese dissolved 001 001 001 001 0 p1

Man anese total

Mercury dissolved 00002 00002 p0002 00002 00002 0001
00001

00281

Mercury total
2121 0186 00 025 031 0014 0018 009

01

Motybdenum dissolved
04 00402 00 004 004 001 001 007

Nickel dissolved

N tli 05 0005 00050 0005 0005 001 001 001
eSelenium d sso

dissoNetlSilver 0005 0001 00002 00002 00002 001 p01
0001

0010

Silver total
001 0001D OS 0 p001 0001 0001 0001 0001

0001

Thallium dissolved
01 0 01 0 01 0 01 001 0001

0001

Vanadium dizsoNed c0005 0

Thallium total

Zinc dizsoNed 0006 0005 0005 0005 001 001 001 ppt

38 0204019 00

0005

0202 00259 00278 00252 004140138 00
001

Zinc total
0088 00520 00850 0 0027 00025 00147 00275 00336 00265 001 0004 00103 00091 0073 002

00037 0 20 0003 0 0039 00003 00003 00003 00003 000030
00003

Uranium dissoNetl 00098 00169 00089 00081 0

003 0 002 0020 0 002 0002 0002 0002 0002 00004 00007 00003 0006

Uranium suspended 00001 00001 00001 00001 00001 00

Uranium total 0 1

Thorium228 dis CUL 0
04

Thodurr230 dis pCilL 6
0 46 21 11 13 08 09 08 07 11 02 09

Thorium232 dis PCdL 0
30 05 01 39 16 16 1 72 06 09

06 0 20 0 2 0 2 03 02 0 04 02 02 02

Radium226 dis pCiL 04 09 05
0 0 1 0 01 D 0 01 0 01 02

Radiurn226 sus Ci2 0 01 0

Radium226 total pCUL 3 1 30

Grass Alpha dis pCilL 6 13 58
5 27

Gross Bela dis ilL 43 85 16

NOTES Mean and nredian statistic calculated using onehalf detection Gmd 12 DL

ND number of nonaetects

Results are in mgL unless otherwise noted

Whebtase4u4rdareerl
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TABLE 24 WATER QUAU7YIN RALSTON CREEK

19982007

STATION SWLLNG

SWLLHG SWLLNG SWLNG SWLLNG SWLLHG SWLNG SW4LHG SWLNG SWLNG SWLLNG SWLLNG SWLNG SWLLNG SWLLNG SWLNG SWLLNG SWLNG SWLNG SWLNG SWLLNG SWLLNG SWLLNG SWLNG SWLLNG SWLLNG SWLNG SWLNG SWLLNG SWLLNG

fi25roa a2fi03 22603 32603 32603 42803 52203 62303 72903 73103 92603 103103 112503 712503 121603 12304 2J2504 330104 33004 42804 54104 53104 S3704 62904 72804 83004 92904 102904 113000

pH stl units
DOndUtlrvdy umhos 231 151

Total dissolved solitls 105

Total cus ended solids

HaMness total
Carbonate

82 60

Bicarbonate 336

Alkalis Dissolved
82

50

Alkalinity fatal 28

Nhrete Narogan
Ammonia total

33 26 202

Cekium 151
12 t3 102

Sodium dissolvetl 739
9 5 g

54

Magnesium dissolved 458
33 17

Potassium dissoNetl 148 46 3U 18

SuBate 169

Fluoetle total
28 28

Chloride 186

Phosphorous 0 2 0 2 02

Aluminum OissoNad 02
0 2 0 2

02

Aluminum total 054
0 001 0001

0001

Antimony dissolved 0001
0 001 0 001

0001

Antimony total 0001

Arsenic dissolved
0 01 001 001

Arsenic total 001

Barium OissaNed

Barium total

Be lium dissoNetl

Baron total
Cadmium dissolved

Chromium dissoNetl
C aniee total

CoPPer
0070 0005 0005 0005

0050Copper dissoNetl
0 005 0005 0 005

0 16Copper total

dissolvedIran 0102 003
044

Iron total 061 003

Iron suspended
Iron Ferrous Fe2
Iron Ferric Fe3 0508

Leaq dissoNetl
0050 0005 0005

Lea4 total 0 01
001

Manganese dissolved 001
0 02

0

Men anese total 002

Meroury dissolved
00010 00001 00001 00001

Mercury total 0026 0008 0 00

Molybdenum dissolve0 0005

Nickel tlissoNed

Selenium dissolved

silver aissavea
0 007 0001 ooot ooot

Silver total 0 001 0001 0001

Thatlium dissoNetl 0001

Vanadium dissolved 0010 0001 0001

Thetlium total 0001

Zinc dissoNetl

zinc total
0014

0 0976

0005

0 11 09260 0970 07460 02980 00348 00088 00478 00521 0049 00235 00177 00135 0023 00138 00087

dissoNetlUranium 00152 0171 017 00546 00534 00077 0022 0032 00276 00796 012 013
0020 0 002 0 002 0 002 0 002 00009 00009 00031 00017 00007 00003 00003 00003

Uranium suspended 00003 00003 00003 00003 0002 0002 0002 0002 0002 0002

Uranium total
Thodum228 tlis CirL

Thoriurrf230 dis pCJL
ThoriurrF232 dis pCiIL 0 8 0 9 0 8 0 5 0 5 05 08 04 04 46 02 07 04 02

Retlium226 dis pCirL 12 09 05 04 04 11

0 1 0 1 10 0 1 0 1 01 01 02 02 04 04 02 02 02 02

Radium226 sus DiIL 02 02 02 02 01 01 01

Radiurr226 totalpCVL
Gross FUphe tlis pCirL
Gross Beta tlis CUL
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TABLE 24 WATER QUALITYIN RALSTON CREEK

1998 2007

STATION SWLLNG

G SVJLHG SWLLNG SWLHG SWLLHG SWLLNG SWLLNG SWLHG MIN MAX M FJ4N MEDIn wrvi A

LHG SWLLNG SWLLNG SWLLNG SWILHG SWLLNG SWLHG SWLLNG SWILHG SWILHG SWLLHG SWLLH

3106 22706 102606 11LHG SW4LHG SW4 3006 122706 13107 32907 62707 9
7 8 11 0 0SVJLLNG SW

25106 22805 32205 42105 53tOS 62205 73105 73105 83005 102605 113005 723105 1 806 73 85 788

7 453 11 0 0

H std unitsp

122804 1 453

252

t43

105

601

382

41

227 2275 20 0 0

Conductivity umhos 124
206 1 369 8 2 10 2

Total tlissoNad solids 142 130 160 150 155 4 0 0

Total sus ended solids Na Na Na Na 0 0 a

Hardness total 142 336 142 846 79 10 0 0

Caroonale 76
101 38 100 638 585 4 0 0

Bicarbonate 69 119 28 230 871 82 18 0

Alkalis Dissolved 62
82 0 8

0

Alkalinity total 58 p 7 150 0 10 3 30

Nitrate Narogen 489 142 489 303 3325 18 0 D

Ammonia total
26

388 182 739 52 226 148 18 0 0

Calcium 266
7 8

136 749 45 17 111 12 17 0 0

Sodium dissolved 122
6 9

113 33 71 33 225 24 17 0 0

Magnesium dissolved
1 1

16 68 14 160 682 585 20 0 0

Potassium dissolved
74

55 05 08 058 06 5 0

Sulfate 22 32 9 32 199 175 20 0 0

Fluoride total 17
37 Na Na Na Na 0 0 Na

CMOrida 25
0 2 0 2 0 2 02 01 05 013 01 19 77

Phosphorous 0 2
02 02

02 0068 054 0136 01 10 5 60

Aluminum dissolved 02
0 1

p 1
001 0 001 0001 0001 005 0003 00005 22 19 88

Aluminum toUl 01
1

0001 0001 0001 0
0001 005 0017 00005 9 8 89

Antlmony dissolved 0001
060

0 05
005 0003 005 00068 00025 5 5 700

Antimony total 005 c01 0001 01 00063 00015 13 13 100

Asenk dissolved 0 001
0001 003 01 0044 005 5 3 80

Arsenic total 0001 004 004 004 004 3 0 0

dissolvedBarium 0001 0002 00008 000075 8 8 1

totalBarium 005 006 0037 0025 3 2 67

dissoNadBe Ilium 00002 0002 0000 00003 6 6 100

Boron total 0005 c0OD5 0003 00025 6 6 100

Cadmium dissolved 001 001 00050 0005 7 1 100

Chromium dissolved na Ne Na Na 0 0 Na

C snide total
0010 0007 0007 0001 0005 0001 002 000 00025

oo2so

21

1o

19

a 90
Co er

dissolvedCopper
0005

0100
0005
001

oops
003

opo2
003

001

039

00

0077 0036 76 7 44

Capper total 001
0 06

004 02 003 081 02 02 9 1 11

Iron disaoNed 003
D

OOfi Na Na Na Na 0 0 a

Iron total 004
0 03 0 03 0 63 p03 603 003 002 0015 5 5 100

Iron suspended
003

003 0508 018 0066 5 2 40

Iron Ferrous Fe2 0 31
003 p002 c005 00067 00025 5 5 100

Ferric Fe3Iron
004 0005 OOOt 005 00090 00025 13 12 92

Lead dissolved 005
005

0 01 010 001 001 002 c001 007 0009 0005 18

8

i6

3 33
Lead total DOS

001
c001 003 001 003 001611 002

Manganese dissolved OOt
0

002 00002 00002 00001 00001 5 5 100

Man anew total 001 00001 00007 0001 000023 000005 10 10 100

Mercury dissolved 0001
0007

010 0090 0780 0015 0023 0005 031 0068 0018 22 5 23

Mercury toUl 6001
0 005

6016 007 004 00131 0015 8 8 700

Molybdenum dissolved 0005 0005 005 00063 000375 8 8 100

Nickel dissolved 00002 001 00014 00003 6 6 100

dissolvedSelenium 0001 p001 001 06023 00005 10 10 100

Silver dissolved 0 01
DOt

0 001 0 001 0001 0001 0001 0001 005 00016 00005 22

6

22 10

6 100
Silver total 001

0001
0001 0665 001 00048 0005

dissolvedThallium
0001 0001 c07 00 00005 9 9 700

Vanadium dissolved O 1
01 0605 001 0004 0005 7

Thallium total c01 0008 0005 0014 00055 0005 9 7

Zinc disaoNed
0 01

001
0 Ot

105 0112102 0168 00 0107 00798 0136 00972 0 14 010 2 00240 00650 66 38 58
Zinc total

ddi lv 00163 00184 0024 0015 00069 00075 00124 00402 00416 00632 00927
0063 00014 00003 000090003 00004 00

00032 0005 00001

01130 07130 00113 00113 7 0 0
sso eUranium

d d 0003 00003 c00003 000030
00023 00007 00005 06003 00713

0 0 1 0 05 005 2 0 D
eUranium suspen

Uranium total 0 04 02 02 2 0 0

Thorium228 dis CiIL 0 0 0000 0 2 0 0

Thoriurt230 dis pCiL 02 07 0 01 46 08 08 64 9 14

Thorium232 dis pCilL 4 042 02 00
04 06 06 06 07 06

02 08 0 08 01 01 82 39 63

Radium226 dis pCiIL 09 02 02 05
2 022 02 00

02 c01 02 04 02 01
02 02 02 01 01 1 1 100

Radium228 sus UI 02 02 02 07
37 30 116 6 5 0 0

Radium226 total pCiL c16 27 88 43 5 1 20

Gross Alpha dis pCUL
Gross Beta dis CUL

WhebLaneAVOC4aOet1
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Schwartzwalder Mine Hydrologic Evaluation of Mine Closure and Reclamation 87

Table 25 Comparison of Water Quality with Location in Ralston Creek November 1998

PararneterName SWUP SWUC SWAWD SWA001 SWBDIS SWPL SWOS SWBOS SWGS SWt3PL swrttxt swnxn SWLLttV

112498 112498 111998 111998 112498 112498 112498 112398 112398 111998 111998 111998 111998

pH 8 8 83 85 81 81 81 8l 8 87 82 85 83

Conductivity 500 598 192 192 597 196 217 467 376 478 354 511 482

Total diss solids 400 388 128 137 394 119 134 309 245 322 232 355 302

Total sus solids l l 1410 l l l 1 3 1 3 l 2 2

totalHardness 81 81 78 79 180 180 180 150 120 150 120 160 160

Bicarbonate talc 117 101 100 95 146 146 146 122 171 122 122 118 122

Alkalinity total 96 83 82 78 120 120 120 100 140 100 100 97 100

Nitrate Nitro en 01 01 05 01 25 29 25 18 08 18 09 18 18

Calcium diss 23 23 22 23 40 40 40 34 29 35 28 37 36

Sodium diss 8 8 9 9 54 55 54 39 29 38 26 42 38

dirsMagnesium 58 57 57 56 20 20 20 15 1 I 16 12 18 16

Potassium diss 13 14 14 14 29 29 29 24 2 25 2 25 25

Sulfate 14 13 12 12 160 170 170 120 79 120 72 130 130

Fluoride total 03 03 03 03 06 06 06 05 05 05 04 05 05

Chloride 11 II 13 13 16 15 13 13 14 15 II 14 16

dissAluminum 05 05 05 05 05 05 05 05 05 05 05 06 05

Antimony diss 0008 0008 0008 0008 0008 0008 0008 0008 0008 0008 0008 0008 0008

dissArsenic 0003 0003 0003 0003 0003 0003 0003 0003 0003 0003 0003 p003 0003

dissBarium 004 004 003 003 004 003 004 004 004 003 003 004 003

Beryllium diss 0002 0002 0002 0002 0002 0002 0002 0002 0002 0002 0002 0002 0002

Cadmium diss 00002 00002 00002 00002 00002 00002 00002 00002 00002 00002 00002 00002 00002

dissChromium 0005 0005 0006 0005 0005 0005 0005 0005 0005 0005 0005 0005 0005

Co r diss 002 002 002 002 002 002 002 002 002 002 002 002 002

dissIron 003 004 003 003 003 003 003 003 003 003 003 003 003

dissLead 0002 0002 0002 0002 0002 0002 0002 0002 0002 0002 0002 0002 0002

Manganese diss 001 001 001 001 001 001 001 001 001 001 001 001 001

Mercu diss 00002 00005 00002 00002 00002 00002 00002 00002 00002 00002 00002 00002 00002

Molybdenum
diss 001 001 001 001 035 035 035 023 022 022 O12 024 021

Nickel diss 004 004 004 004 004 004 004 004 004 004 004 004 004

Selenium diss 0005 0005 0005 0005 0005 0005 0005 0005 0005 0005 0005 0005 0005

Silver diss 0001 0001 0001 0001 0001 0001 0001 0001 0001 0001 0001 OOOI 0001

Thallium diss 0001 0001 0001 0001 0001 0001 0001 0001 0001 OOOI 0001 0001 0001

dissVanadium 001 001 001 001 001 001 001 001 001 001 001 001 001

dissZinc 0 005 0 006 0005 0005 0005 0005 0005 0005 0005 0005 0005 0005 0005

Uranium diss 00028 00031 00038 00157 00034 00035 00049 00075 00062 00062 00062 00103 00169

dissRadium226 02 02 03 05 05 04 04 03 09 06 04 08 09

Gross Alpha diss 29 33 31 12 41 57 34 57 76 71 57 92 13

Gross Beta diss 09 21 03 58 4 36 19 29 L5 36 38 36 85

NOTES Results in mgL except gross alpha and gross beta pCiL specific conductance umhoscm and pH standard units log H

4109B071116
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Schwartzwalder Mine Hydrologic Evaluation of Mine Closure and Reclamation 88

Table 26 Uranium Concentrations in Ralston Creek 1990 2007

SWAWD

Date U m L

SWAOOI
Date U m

SWDISOOI

Date U m L

SWBPL

Date U m

SWFBRG

Date U m

SWARH

Date U m

SWLLHG

Date U m L

13090 00020 13090 00030 3090 00050 13090 00450 3090 13090 13090 00650

22090 00020 22090 00020 22090 00050 22090 00430 22090 22090 22090 00480

31590 00020 31590 00020 31590 00020 31590 00160 31590 31590 31590 00320

42690 00040 42690 00010 42690 00030 42690 00020 42690 42690 42690 00030

51790 00008 51790 00009 51790 00030 51790 00010 51790 51790 51790 00022

6790 00020 6790 00010 6790 00020 6790 00030 6790 6790 6790 00030

72490 00020 72490 00030 72490 OOOlO 72490 00050 72490 72490 72490 00080

8990 00020 8990 00038 8990 00005 8990 00110 8990 8990 8990 00022

92090 00030 92090 00030 92090 00010 92090 00070 92090 92090 92090 OOIlO

103090 00030 103090 00040 103090 00030 103090 00040 103090 103090 103090 00080

111590 00020 111590 00030 111590 00020 Il1590 00100 111590 111590 ll1590 00100

121190 00020 l2I190 00030 121190 00010 121190 D0080 121190 121190 121190 00130

12291 0002 5 l2291 00030 12291 00026 l2291 00100 1 2291 12291 I2291 00300

21491 00025 21491 00035 21491 00019 21491 00080 21491 21491 21491 00210

31991 00020 31991 00030 31991 00018 31991 00050 31991 31991 31991 00130

41191 00013 41191 00019 41191 00016 41191 00070 41191 41191 41191 00060

51491 00010 51491 OOOII 51491 00020 51491 00100 51491 51491 51491 00300

6591 00012 6591 00010 6591 6591 00010 6591 6591 6591 00020

72391 00024 72391 00027 72391 00018 72391 00044 72391 72391 72391 00045

82291 00016 82291 00024 82291 00009 82291 00026 82291 82291 82291 00047

91991 00019 91991 00031 91991 00011 91991 00045 91991 91991 91991 OOIl3

l0109l 00018 10 l091 00026 101091 00010 101091 00045 10l091 101091 101091 00112

11 2 I9 I 00015 I 1 2 I 91 00021 I I 2191 00023 I 12 I 91 00069 1121 91 11219 I 1 I2 l91 00100

121091 00019 121091 00022 121091 00030 121091 00043 121091 l2l091 121091 00090

12392 00023 12392 00029 12392 00038 12392 00066 12392 00082 12392 00094 12392 OO110

21892 00017 21892 00035 21892 00038 21892 00076 21892 00098 21892 00140 21892 00140

31792 00020 31792 00031 31792 00180 31792 00054 31792 00057 31792 00069 31792 00080

42392 OOOlO 42392 00010 42392 00064 42392 00016 42392 OOOIB 42392 00018 42392 00019

51492 00012 51492 00013 51492 00240 51492 00031 51492 00032 51492 00034 51492 00037

61592 O000I 61592 00002 61592 00020 61592 00016 61592 00017 61592 00026 61592 00044

71592 00017 71592 00022 71592 00002 71592 00033 71592 00037 71592 00057 71592 00067

81292 00014 81292 00022 81292 00018 81292 00050 81292 00064 81292 00096 81292 00140

92492 00033 92492 OOOII 92492 00005 92492 00045 92492 00058 92492 00085 92492 00120

101392 00025 101392 00034 101392 00093 101392 00100 101392 00110 101392 00140 101392 00160

111792 00013 111792 00016 111792 00048 111792 00040 111792 00047 111792 00062 111792 00077

121492 00010 121492 OOOl2 121492 00044 121492 00038 121492 00044 121492 00068 121492 00096

III93 00023 11193 00019 11193 00042 11193 00057 11193 00057 lIl93 00094 11193 00120

2993 00054 2993 00025 2993 00033 2993 00040 2993 00051 2993 00071 2993 OOI20

31693 00029 31693 00025 31693 00003 31693 00041 31693 00049 31693 00067 31693 00080

41393 00095 41393 00014 41393 OO100 41393 00027 41393 00029 41393 00035 41393 00043

51093 00010 51093 00011 51093 00078 51093 00015 51093 OOOl6 51093 00017 51093 00017

61693 00012 61693 00013 6693 00015 61693 00022 61693 00018 61693 00030 61693 00036

71393 00016 71393 00002 71393 00009 71393 00031 71393 00038 71393 00054 71393 00068

81893 81893 81893 00008 81893 00242 81893 00166 81893 00212 81893 00310

92793 00012 92793 00075 92793 00017 92793 00098 92793 00130 92793 00202 92793 00254

101393 00016 101393 00058 101393 00022 101393 00084 101393 00114 101393 00162 101393 00222

1993 00025 11993 00050 11993 00022 11993 00084 l1993 00103 11993 OOI40 11993 OO155

12793 00022 12793 00037 12793 00025 12793 00077 12793 00105 12793 00141 12793 0077

2794 00021 12794 00034 2794 00033 2794 00099 12794 OO130 12794 00165 2794 00210

22194 00022 22194 00037 22194 00014 22194 00069 22194 00097 22194 00150 22194 00180

32194 00017 32194 00020 32194 00011 32194 00026 32194 00041 32194 00066 32194 00072

42594 00009 42594 00010 42594 00009 42594 OOOl2 42594 00020 42594 00034 42594 00017

51894 00010 518194 00011 51894 00013 51894 00012 51894 00018 51894 00016 51894 00018

62494 00021 62494 00022 62494 00135 62494 00058 62494 00070 62494 00082 62494 00084

72594 72594 72594 OO140 72594 00277 72594 00309 72594 00344 72594 00343

83094 83094 83094 00320 83094 00390 83094 00390 83094 00440 83094 00470

93094 93094 93094 00240 93094 00340 93094 00380 93094 00440 93094 00258

102894 00019 102894 00104 102894 OO164 102894 00222 102894 00234 102894 00190 102894 00351

111694 00024 111694 00070 111694 00128 111694 00154 111694 OOI63 111694 00204 111694 00284

12594 00030 12594 00137 12594 OO126 12594 00140 12594 00260 12594 00300 12594 00403

13195 00041 1395 13195 00112 13195 00264 13195 00268 13195 00486 13195 00685

22795 00028 22795 00045 22795 00018 22795 00084 22795 OO115 22795 00155 22795 00230

32995 00015 32995 00026 32995 00025 32995 00058 32995 00071 32995 00097 32995 00118

42595 00017 42595 00020 42595 00027 42595 00038 42595 00077 42595 00078 42595 00103

52595 00020 52595 00019 52595 00167 52595 00075 52595 00080 52595 00086 52595 00079

62795 00022 62795 00028 62795 00022 62795 00053 62795 00055 62795 00071 62795 00081

71195 00033 71195 00031 71195 00224 71195 00052 71195 00049 71195 00062 71195 00066

82295 00040 82295 00060 82295 00032 82295 00166 82295 00175 82295 00238 82295 00250

91995 00038 91995 00059 91995 00234 91995 00166 91995 00188 91995 00246 91995 00319

10995 00033 10995 00052 IO995 0020 10995 00124 10995 00177 10995 00158 10995 OO193
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Table 26 Uranium Concentrations in Ralston Creek 1990 2007 Part 2
SW AWD SW A001 SW DIS001 SW BPL SW FBRG SW ARH SW LLHG

Date U m L Date U m Date U m L Date U m Date U m Date U m Date U m L

112795 00019 112795 00011 112795 00017 112795 00032 112795 00037 112795 00052 112795 00065

122195 00031 122195 00074 122195 00134 122195 00159 122195 OO162 122195 00173 122195 00464

1996 00028 1996 00042 1996 00126 1996 00180 1996 OO105 1996 00135 1996 00157

22296 00023 22296 00017 22296 00057 22296 00052 22296 00058 22296 0007 22296 00088

32196 00109 32196 00038 32196 00057 32196 00055 32196 00060 32196 00087 32196 OOIOI

41896 OOOIi 41896 00013 41896 00041 41896 00019 41896 00024 41896 00033 41896 00032

52196 00018 52196 00016 52196 00033 52196 00022 52196 00025 52196 00037 52196 00047

6596 00027 6596 00023 6596 00043 6596 00021 6596 00021 6596 00027 6596 00034

73196 00032 73196 00325 73196 00038 73196 00230 73196 00255 73196 0039 73196 00415

82796 82796 82796 00075 82796 00300 82796 00388 82796 006 82796 00894

92696 00027 92696 00069 92696 00144 92696 00137 92696 00147 92696 00192 92696 00207

102896 00034 102896 00049 102896 00431 102896 00193 102896 00227 102896 00232 102896 00229

111496 00023 111496 00046 111496 OO147 111496 00176 111496 00189 111496 00213 111496 00240

12596 00038 12596 00059 12596 00445 12596 00300 12596 00302 12596 00326 12596 00340

12297 00030 12297 00041 12297 00228 12297 00291 12297 00287 12297 00383 12297 00336

21797 00098 21797 00049 21797 00215 21797 00130 21797 00178 21797 00183 21797 00202

32597 00022 32597 00033 32597 00188 32597 00105 32597 00099 32597 00102 32597 00102

42197 00017 42197 00018 42197 00130 42197 00025 42197 00023 42197 00024 42197 00032

52897 00040 52897 00024 52897 00176 52897 00018 52897 00017 52897 00023 52897 00021

62697 00022 62697 00020 62697 00128 62697 00020 62697 00020 62697 00023 62697 00024

73097 00045 73097 00030 73097 00050 73097 00032 73097 00029 73097 00034 73097 00037

82697 00063 82697 00035 82697 00068 82697 00035 82697 00041 82697 00049 82697 00047

92997 00037 92997 00044 92997 00072 92997 00055 92997 00056 92997 00081 92997 00095

102997 00028 102997 00028 102997 00110 102997 00046 102997 00064 102997 00054 102997 00133

112097 00040 112097 00033 112097 00466 112097 00103 112097 00095 112097 00101 112097 OO105

122997 00025 122997 00027 122997 00027 122997 00068 122997 00060 122997 00067 122997 00094

2798 00019 12798 00022 12798 00073 12798 00042 12798 00044 12798 00056 2798 00074

22498 0006 22498 00035 22498 00177 22498 00068 22498 00065 22498 00079 22498 00087

32398 00018 32398 00018 32398 00081 32398 00025 32398 00022 32398 00035 32398 00045

42798 0008 42798 00018 42798 00196 42798 00074 42798 00085 42798 00081 42798 00078

52798 00024 52798 00022 52798 00269 52798 00023 52798 00020 52798 00023 52798 00021

62498 00040 62498 00045 62498 00272 62498 00045 62498 00038 62498 00049 62498 00045

72998 00110 72998 00065 72998 00160 72998 00038 72998 00042 72998 00055 72998 00045

82498 00138 82498 OOSl3 82498 00258 82498 OOll7 82498 00036 82498 00032 82498 00042

92898 03000 92898 00960 92898 00614 92898 00224 92898 00206 92898 00192 92898 00180

102198 00048 10298 00037 102798 00064 102098 00043 102098 00049 102098 00058 102098 00069

111998 00022 111998 00157 li1998 OOI13 111998 00062 111998 00062 111998 00103 111998 00169

121798 00018 121798 00025 121798 00044 121798 00042 121798 00046 121798 00057 121798 00069

11999 00192 11999 00026 11999 00056 11999 00047 11999 00051 1999 00067 11999 00081

21599 00020 21599 00027 21899 00042 21599 00048 21599 00058 21599 00071 21599 00088

31599 00038 31599 00025 31599 00044 31599 00037 31899 00046 31599 00052 31599 00052

41999 00013 41999 00015 41999 00053 41999 00034 41999 00038 41999 00047 41999 00085

51799 OOOII 51799 00014 51799 00065 51799 00024 51799 00022 51799 00022 51799 00027

61499 OOOQ2 61499 00029 61499 00091 61499 00020 61499 00100 61499 00021 61499 00028

71499 00035 71499 00029 71499 00107 71499 00033 71499 00049 71499 OO103 71499 00147

81999 00054 81999 00052 81999 00070 81999 00058 81999 00046 81999 00280 81999 00044

91399 00024 91399 00024 91399 00095 91399 00038 91399 00030 91399 00076 91399 00084

101599 00035 101899 00045 101599 00061 101599 00096 101599 00060 101599 00070 101599 00069

112399 00046 112399 00048 112399 00097 112399 00083 112399 00072 112399 00080 112399 00075

122099 00025 122099 00027 122099 00047 122099 00034 122099 00034 122099 00047 122099 00056

1900 00032 l1900 00035 11900 00061 11900 00041 11900 00051 Il900 00053 1900 00064

21700 00039 21700 00037 21700 00014 21700 00011 21700 00009 21700 00024 21700 00035

32200 00050 32200 00053 32200 00105 32200 00064 32200 00070 32200 00084 32200 00081

42500 00014 42500 00021 42500 00188 42500 00023 42500 00028 42500 00030 42500 00036

52600 00019 52600 00011 52600 00094 52600 00030 52600 00026 52600 00034 52600 00042

62800 00018 62800 00028 62800 00015 62800 00038 62800 00036 62800 00036 62800 00049

72700 00046 72700 72700 00046 72700 00153 72700 72700 72700

82900 00130 82900 00175 82900 00002 82900 00090 82900 OO100 82900 00135 82900 00155

92700 00165 92700 00175 92700 00100 92700 00175 92700 00295 92700 00250 92700 00255

103000 00053 103000 00120 103000 00095 IO3000 00310 103000 00150 103000 00310 103000 00316

112700 00040 112700 00052 112700 00036 112700 00124 112700 00034 112700 00300 112700 00208

122100 003p0 l22l00 00520 122100 00600 122100 00165 122100 00160 122100 00220 122100 00275

12901 00074 1 2901 00245 l2901 00185 12901 00400 I2901 01400 12901 00635 l2901 00336

22801 00041 22801 0032 22801 00026 22801 00210 2201 00345 22801 00320 22801 00265

32801 00160 32701 00031 32701 0014 32701 00096 22801 00245 32701 00040 32701 00100

41801 00008 32801 00036 41801 00021 41801 00048 32701 00092 41801 00044 41801 0004

52901 00090 41801 00016 52901 00085 52901 00037 41801 00034 52901 00035 52901 00103

61901 OOOl4 52901 00016 61901 00063 61901 00105 52901 00034 61901 00083 61901 00091

71101 00040 61901 00038 71101 00135 71101 00080 61901 00082 71101 00336 7II01 0073
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Table 26 Uranium Concentrations in Ralston Creek 1990 2007 Part 3

SW AWD SW A001 SW DIS001 SW BPL SW FBRG SW ARH SW LLHG

Date U m L Date U m Date U m L Date U m Date U m L Date U m L Date U m

82701 00025 71101 00065 82701 00051 82401 00095 71101 00098 82401 00149 82401 00238

91701 00019 82701 00080 91701 OOOl2 91701 00067 82401 00058 91701 0017 91701 OOl9

102401 00022 91701 00041 102401 00008 102401 0009 91701 00006 102401 00245 102401 00204

112701 00050 10240 l 00037 11270I 00208 l I2701 00071 102401 00112 112701 00003 112801 00136

121801 00028 112701 00049 121801 00036 12180 l 00116 112701 00073 l2180 l 00176 121801 00202

12202 00186 121801 00041 12202 00036 12202 00304 121901 00132 12202 00276 12202 00259

22602 00038 12202 0008 22602 OO187 22602 00908 12202 00252 32602 00294 22602 00278

32602 00023 32602 00032 32602 00074 32602 00317 22602 00368 42402 00499 32602 00252

42402 00014 42402 00024 42402 00037 42402 00504 32602 00442 52802 00182 42402 00414

52802 00011 52802 0002 52802 00024 52802 0024 42402 00497 22603 0268 52802 OO156

62502 00022 13003 00178 62902 00021 62502 00591 52802 00222 32603 00564 62502 00152

123102 00039 22703 001 No Disch a 123102 0521 13103 0441 42903 00071 22603 0171

13003 00082 32603 00061 13103 0591 22603 0376 52203 00205 32603 00534

22703 00025 42903 00020 22703 0378 32603 00543 62303 00347 42903 00077

32603 00039 52203 00044 32603 00542 42903 00071 73103 013 52203 0022

42903 OOOIO 62303 00043 42903 00077 52203 00112 92603 017 62303 0032

52203 00022 73103 0018 52203 OOI3l 62303 00350 103103 014 72903 00276

62303 00043 92603 00136 62303 00341 72903 00837 112503 011 7303 00796

72903 00076 103103 00062 72903 032 73103 0168 121603 Oll 92603 012

73103 00048 112503 0006 73103 0212 92603 022 12304 010 103103 013

92603 00025 121603 00056 92603 025 10303 014 22504 00815 112503 00976

103103 00028 2304 00070 103103 015 112503 011 33004 00339 121603 00976

112503 00024 22504 00062 112503 0102 121603 013 42804 00088 2304 0097

121603 00025 33004 00027 121603 012 12304 011 53104 00474 22504 00746

2304 00021 42804 00015 12304 00993 22504 00809 62604 00259 33004 00298

22504 00020 53104 00050 22504 00819 33004 00314 72904 00129 42804 00088

33004 00016 62904 OOOlS 33004 00343 42804 00074 83004 00137 53104 00478

42804 00009 72904 00024 42804 00083 53104 00646 92904 00206 62904 00235

53104 00088 83004 00026 53104 00754 62904 00255 102904 00135 72904 00177

62904 00009 92904 00029 62904 00262 72904 00142 ll3004 00215 83004 00135

72904 00032 102904 00015 72904 00112 83004 00131 122804 00166 92904 00230

83004 00018 113004 00021 83004 00127 92904 00223 12505 00192 102904 OO138

92904 00026 122804 00018 92904 00205 102904 00131 22805 00344 113004 00087

102904 00011 12505 00026 102904 00123 113004 00201 32205 00151 122804 00163

113004 00017 22805 00028 113004 00196 122804 OO157 42105 00069 I25OS 00184

122804 00012 32205 OOOl9 122804 00177 12505 00182 53105 00073 22805 00240

1252005 00021 42108 00027 1252005 OO181 22805 00288 62205 00127 32205 00150

22805 00017 53105 00023 22805 00200 32205 00156 73105 0089 42105 00069

32205 00016 62205 00026 32205 00204 42108 00072 83005 Olll 53105 00075

42105 00027 73105 00012 42108 0006 53105 00071 102605 OIOI 62205 00124

53105 00019 83005 00249 53105 00074 62205 00126 113005 0125 73105 00402

62205 00004 IO2605 OOOSI 62205 00124 73105 0205 123105 Q115 S30OS 00632

73105 00003 ll3005 00102 73105 0248 83005 0200 131106 Oll4 102608 00927

83005 00042 123105 00058 83005 0242 102608 0106 22706 0129 I13005 0108

102605 00050 13106 00083 102605 OI05 113005 0150 42806 00056 123108 0102

113005 00085 22706 00104 113005 0155 123105 0107 113006 0149 13106 0105

123108 00017 42806 00019 123105 00795 13106 0122 121606 00905 22706 0112

13106 00027 32807 00015 13106 0118 22706 0176 122706 0143 102606 0107

22706 00029 62707 00037 22706 0177 53106 00044 13107 0104 113006 00798

42806 00041 9507 00123 32906 0378 62206 OO129 32907 00084 122706 0138

42906 00011 33006 00315 83006 0138 62707 0031 13107 00972

92606 00025 41606 00551 102606 00995 9507 0172 32907 00081

102606 00038 62206 00129 113006 015 62707 0031

32807 00017 83006 0236 122706 017 9507 0145

62707 00021 92606 0244 3107 01 t7

9507 0002 102606 0102 32907 00074

113006 0151 62707 0031

121606 00636 9507 0215

122706 0165

32907 0008

62707 00312

9507 0224
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7 GROUNDWATER QUALITY

Groundwater quality data are available from 9 monitoring wells in alluvium 4 sumps in alluvium 2

monitoring wells in bedrock 21 sampling sites in the underground mine prior to flooding and from a range

of depths in the underground 3 shaft during mine flooding Monitoring locations and the number of

samples collected18 from each station for the closure hydrology study are summarized in Table 27

Table 27 Location and Frequency of Groundwater Quality Samples

Compiled and Evaluated for the Mine Closure Hydrology Study

Alluvial Wells Descri lion

Number Of

Sam les Comments

MW00

MWO

MW 1

MW2

MW3A

MW4

MWS

MWSR

MW6

MW7

MW8

MW9

Alluvium upgradient of mining activities

Alluvium below southeast toe of waste rock pile
Alluvium northwest of treated water discharge pond
Alluvium downgradient of treatment plant
Alluvium southeast of former untreated water storage pond
Alluvium southern corner of former untreated water storage pond
Alluvium near former ore and waste containment bins

Alluvium near former ore and waste containment bins

Alluvium down gradient of mine and officeshop
Alluvium near former ore sorter

Alluvium downgradient of former mining facilities

Alluvium near former ore and waste containment bins

56

53

58

50

6

6

0

8

62

63

0

46

Constructed in 1999

Poorly installed high turbidity
Influenced by Ralston Creek

Usually dry prior to 2003

Little water often dry
Out of service since 1999

Replacement well for MWOS

Dry
Used as um in well for multida test

Sum s

I Sum Southeast of Guard Shack near former core stora a buildin 84 Went online Au ust 1990

2 Sum 190 feet southeast of former ore sorter inside flood control wall 39 Went online A ril 1990

3 Sum 65 feet southeast of former ore sorter 40 Went online Janu 1992

4 Sum Midwa between former ore sorter and emer enc stora a and 85 Went online October 1990

Bedrock Wells

MW 10 Com leted in mica schist southwest of mine workin s 0 data uali im aired b oor com letion

MW 11 Com leted in mica schist southwest of mine workin s 10 Dee bedrock well

Mine Water Collected Unde round Durin O erations

MINN Minnesota level near Glo Hole 1 U er workin s Minnesota Level

Wash Steve level see s from Washin ton chutes 1 U er workin s Steve Level

CO Steve level Colorado drift bulkhead 1 U er workin s Steve Level

ILLRS Steve level see s from boazds in Illinois raise 1 U er workin s Steve Level

146 Steve level and behind air re ulator 1 U er workin s Steve Level

2Adit Pool behind berm 1 Ad acent workin s Steve elevation

2A Rt headin in decline below intersection 1 Ad acent workin s Steve elevation

700ILL Fracture alon Illinois Fault 6 700 Level

779 Pool com osite sam le from ool 5 700 Level

7J2 Corehole intermittent flow dri flow flow 2 700 Level

1108 Bulkhead com osite 5 1100 Level

15B Bulkhead com osite 1 1500 Level

1 SB 13 Corehole at drill station 15B 4 1500 Level

16G Corehole flowin throu muck Fe t 5 1600 Level

1730 Le ner hole 5 1700 Level

19D15 Fe Corehole at drill station 19D Fe stainin 5 1900 Level

19D16Mn Corehole at drill station 19D Mn stainin 5 1900 Level

19C 16 Corehole at drill station 16C 4 1900 Level

JOS2026 Sto a water Johnson Ore Shoot 5 2000 Level

1955 Decline Standin water 4 1955 Level

Mine Water Collected Under round After O erations

Steve Adit Steve level see s from boards in Illinois raise 1 U er workin s Steve Level

Mine Water Collected in Shaft Durin Refloodin

3 2 shaft Samples collected from the reflooded mine workin s 114 various de the and levels

The table reports the only number of samples collected and evaluated for the mine closure hydrology study
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71 Groundwater Quality Standards and Point of Compliance

CPDHE has developed numeric standards that apply to classified groundwater The majority of the

numeric standards are the maximum contaminant levels MCLs for public drinking water supplies as

established by the National Primary Drinking Water Regulations The remainder are derived from the

Colorado Basic Water Standards for Ground Water SCCR 200241 amended November 8 2004 effective

March 22 2005 These human health levels are set to protect the public from acute poisoning and from

longterm chronic effects The numeric standards listed in column 1 of Table 28 are applicable to

groundwater classified Domestic UseQuality

The classification system consists of five 5 categories or classes based on existing and potential future

uses and actual water quality data Groundwater may be assigned more than one class because it may have

more than one existing or potential use The classes are

1 Domestic Use Quality

2 Agricultural Use Quality

3 Surface Water Quality Protection

4 Potentially Usable Quality

5 Limited Use and Quality

The point of compliance was set by DBMS and was accepted by the Water Quality Control Commission

WQCC These organizations typically recognize that mining activities occur within groundwater bodies

and that water quality within the disturbed area will obviously change Points of compliance are

established outside the disturbance area to protect the water body while allowing the mining activity

A point of compliance well was originally drilled at the property boundary for the alluvial groundwater

However downgradient well MW8 is always dry and has never been sampled The alluvium pinches out

and groundwater in the alluvium is forced into Ralston Creek The creek is essentially the point of

compliance for groundwater in the alluvium and is monitored routinely at station SWBPL below the

property line

4109B071116
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Table 28 Groundwater Quality Standards

Groundwater Standards for Drinking Agricultural Standards
Parameter Water and Humao Health for Groundwater

Total Coliform K 1 org100 mL

Color color units 15 s
Phenol mgL 0300 s

Chlorophenol mgL 00002 s

Corrosivi Noncorrosive s

pH 6585 s 6585

Temperature C
Conductivity mhoscm
Alkalinity mg CaCOs1
Bicazbonate m CaCO1
Boron mgL

075

Calcium mgL
Chloride mgL 250 s
Fluoride mgL 4 2

Nitro en ammonia m

Nitrogen nitrate mgL 10

Nitrogen nitrite mgL 1 10

Nitrogen nitrate nitrite mg1 10 100

Phosphorus total mgL
Potassium m L

Sodium mgL
Sulfate mgL 250 s
TDS mgL 500 s

Aluminum mgL
5

Antimon m 0006

050 01
Arsenic mgL
Asbestos fibersliter 7000000
Barium mgL 2

Beryllium mgL 0004 01

Cadmium m
0005 O1

Chromium total mgL 01 01

Cobalt mgL
005

Copper mgL 10 s 02

Cyanide free mgL 020

Iron mgL 03 s 5

Lead m
005 01

Lithium mgL
25

Magnesium mgL
0 2

Manganese mgL 005 s

Mercury mgL 0002 001

Molybdenum mgL
0 2

Nickel m
01

Selenium mgL 005 002

Silver 005

Thallium 0002

Uranium m L
0I

Vanadium mgL
02

Zinc mgL
50 s

Gross Alpha pCi1 15

Gross Beta pCiI 4 mremyr8 pCi1
Radium226 and 228 pCiL 5 pCiL
Americium total pCiL 015

Cesium 134 pCiL 80

Plutonium 239240 total pCiI 015

Strontium 90 total pCiL 8

Thorium 230232 total pCiL 60

Tritium pCiL 20000

NOTES Standards from Colorado Administrative Code SCCR 100201 and SCCR 100248

no established State standard

s secondary standard

Gross beta standard of 4 mremyr exposure is converted to 8 pCiL concentration by assuming a 2liter per day

intake of water for an 80kg human and that the beta activity is due to Sr90
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72 Alluvial Water Quality

Water quality data are available for 9 monitoring wells completed in alluvium adjacent to Ralston Creek

Figure 2 Six of the wells MWO MWO1 MW02 MW04 MW06 and MW07 were sampled and

analyzed for uranium radium and field parameters temperature pH and conductivity for approximately

9 years prior to the start of the 1998 1999 baseline hydrologic study Three additional wells MW9

MWSR and MW00 were constructed in the alluvium in 1999 as part of the mine closure baseline

hydrology study These wells have been routinely monitored to the present and several are slated for

abandonment in accordance with Colorado water well regulations as part of mine closure

Water quality for the alluvial monitoring wells is provided in Table 29 The water is acalciumbicarbonate

to calciumsulfatebicarbonate type water with low dissolved solids and near neutral pH TDS averages

170 mgL in upgradient well MW00 and increases to about 340 mgL in the vicinity of the mine Trace

metals are below detection in alluvial groundwater with the exception of molybdenum and uranium

The observed fluctuations in uranium concentrations in alluvial monitoring wells Figure 38 may have

resulted from surface disturbance related to reclamation activities A trend of increasing concentrations in

alluvial groundwater related to mine refilling is not apparent because 1 concentration trends do not

coincide with mine refill trends Section 523 2 the highest concentrations in alluvial groundwater were

observed in 2002 2003 when water levels in the mine were 400 600 feet below the creek level and 3

groundwater in the mine and in the alluvium have distinct geochemical signatures Nor are seasonal trends

observed in surface water apparent in the alluvial groundwater Surface water in Ralston Creek exhibits

low concentrations during spring high flow months and higher concentrations during winter low flow

months Although more water flows through the alluvium in the spring the higher water levels may

liberate oxidized salts from above the normal water level in the alluvium and fill

The point of compliance well drilled near the property boundary MW8 was intended to monitor water

quality in the alluvium as it exits the site However monitoring well MW8 is always dry and has never

been sampled As described in Section 421 and shown in Figure 4 the alluvium pinches out at the eastern

edge of Section 25 near the property boundary where a natural constriction in the valley occurs Bedrock

is exposed along the width of the valley floor and groundwater previously flowing in the alluvium is forced

to the surface where it enters Ralston Creek The point of compliance for groundwater in the alluvium is

surface water station SWBPL below the property line

4109B071116
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ABLE 32 WATER QUALITY IN ALLUVIAL MONITORING WELLS

1998 2007

MONITORING WELL MW00

MVAD MNb MVJOO MW00 MW00 MNAO MVAO MW00 MNGO MNAO MN00 MN00 MNAO MN00 MVAO MW00 MVr00 MW00 MNDO MNAO MN00 MWW MNUO MNAO MVrW MNQO MNAO

902 529102 627102 2702 927p2MNAO MVuW MVd70 MNAO MVtW

122198 12099 12159 2N759 32159 42199 511999 611699 72799 911599 1228100 12200 10101 31551 328A1 57N1 5131Po1 620101 725A1 62891 9701 1027x1 172801 11lA51 129102 22702 32112 42

pH lam unibj 69 77 7 74 78 76 73 79 76

Conduciiviry umhoc 222 231 721 232 226 277 305 270 273
177

170

Total diaaoNetl adida 789 133 130 151 163 179 192 772 128

Tool suspended aditls 713 912 7 518 2 3 70 io 70

Nardnasc mbl 88 96 82

GAOneb 92 107 903

Bicarbonam

airolinirydissoNad
710 150 130 74

aralirdry mml es es es 96 e9 110 az

Nitrate Nitrogon 01 01 01 01 07 c01 1 05 05 05

aitmania mbl 0 0 0 0 0 0 i 1 7
32

327

tlissoNedCalaum 24 Z6 21 25 22

mblCMdum
365 328 464

10 ggg

Magnesium dissolved 71 79 76 12 118 705 156 89
12

11 3

dissolvedSodium 10 10 9 5 88 89 113 5
1 9 165

dissolvedPabssium tfi 17 16 i6 16 18 28 12
17 271

SJbte 19 18 18 18 19 1fi 1fi 12 25

Fluodtle mbl 02 02 02 02
19 25

29

CNodde 11 10 11 12 10 7 5 11
01

02

aumnum dissolved 05 05 05 01 03

0 2
01

02

auminum mml

aieeoNaasmony oao3 0003 oao3 oao3 oao6 ooos oaos
wos

o os

omt

om1

atrirnany mbl
0001

Manic disaoNetl 0003 0005 0005 0005
0001 001

Manic mtal 0003 0003 0003

eadumdiaoNea o04 01 ot

Bdum tom oa oas ooa

BaMrum aieeoNa mooz ooaz oaaz oooz aoo1 oaot

Beryllium mbl
oos

Boron mm1

Cadmium dissoNetl 0001 00002 00002 00002 0007 0001

Cadmium mbl

CMOrnum dissolved 0005 0005 0005 0005 0005 0005

Chromium mbl
001

Cyanide mbl

copper
coppocasoNetl ooz ooz ooz oogs oDDS oote Daos 0p1

oa1

0011

oaes

Copper mbl
1W 02

003 003

Iron dissolved 003 003 003
0

Iron mml 003 0

iron suspended
Iran Famous Fa2 003

Iron Femic Fe3
Lead dissolved 0002 OWS 0005 0005

005 0005

Lsed mbl 0002 0002 0004 001

Mangano dial 001 001 001 001 007

001 001 001

Marpeneaemm
Mercury diaaoMd 00002 00002 00002 00002 0007 00007

Msiwry mbl

Molybdenum dice 001 001 001 001 0005 0005 01705 0024
01 0005

Mol btlenummbl
Nicol tliasoNad 004 004 004 004 001 001

Nmkel mbl

PlaspMrous
Selenium dissolved 0005 0005 OWS 0005 001 001 001

Semnium mbl

siNec aiaoNee 00002 ooooz 00002 ooeoz Oo1 001
001 0001

iNar mtel

dissolvetlThaOium 0007 0007 0001 0001 0001 0001 0001
0001 0001

Vanadium dissolved 001 001 001 001 001 001 0007
0001 0001

Thalitmi tool

Vanadium mbl

Zira diseoNed 0006 0007 0005 001 001 001
001 0005

Lrw mbl
45 0 0055 0019 00032 00029 00075 00038 00033 000310033 0 0033 00

00034 00019 OOD28 0002 00022 00021 00017 00019 00052 00039 0

Uranium dissolved 00028 00037 00059 00018 00091 00025 0008 00089 000
7 7

Uranium suspantletl 00007 0002

Uranium mbl
0 00034

TMriurtt228 dis pCVL
TMdun230 tlis PCiL

01

Ttwriurm232 dis CiIL
0 2 0 3 06

07 02

Radiurrt228 dis pCilL 06
0 1

Radian226 eusp PCVL 0

Radium228mb1 pCUL
Grog apha dis pCilL 47 33 3

Gross Bab dis cdL 11 5 5

NOTES aMm aM melon ebassc caloWtM asapenbwa tlw damceon lane 12 OL rwt dsteod at detaoeon Omit Morn ND ND numbs etid prcae of tron detsc4

Rssidb in nigL unless otMrwise nom
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TABLE 32 WATER QUALITY IN ALLUVIAL MONITORING WELLS
1998 2007

MONITORING WELL MW00

MNAO MVr00 MNW M1AW MW00 MW00 MNAO MNAO MN00 MN00 MN00 MNpO MNAO MNW MN00 MW00 MNAO MNAO MNAO MNAO MN00 MN00 MN00 MN00 MW00 MIN MA MFAN MEDIAN COUNT ND ND

1028A2 112202 11l311D2 12131102 1d003 22783 31703 327x03 430103 52103 62403 7l30N3 924N3 33104 913004 122901 323A5 623N5 928105 1129415 326A8 623N6 9008 328107 628N7

pH ab unibl 729 89 79 737 73 10 0 0

Conductrvdy umlas 319 221 319 258 232 0 0 0

Teml disaoNed sotlda 221 271 146 740 194 126 227 1687 170 76 0 0

Toml suspended eolida 7 912 281 5 9 4 44

HaNrues mml 88 98 92 92 3 0 0

Carbonab 10 10 5 1 1 700

Bicenlwnam 132 128 79 95 139 79 139 1065 101 8 0 0

am9NrymweNea 11o tso 130 740 3 0 0

akakNry mbl tog 105 64 78 174 84 711 912 ea 1 0 0

Nitreb Nitrogen 01 7 021 005 70 9 90

Ammanu mW 0 7 0767 0 9 9 700

Coltium diaaoNed 484 346 273 272 358 22 184 299 2725 12 0 0

Cakdum mtai 328 484 388 396 3 0 0

Magnesium dissolved 155 107 85 79 717 71 158 704 9995 15 0 0

Sodium disadvad 163 794 99 88 to2 5 163 94 895 15 1 7

Pobwium diveolvad 25 175 22 16 17 12 28 18 17 15 0 0

SuBam 47 253 75 19 18 12 Q 207 79 76 0 0

Fluoritle mml 02 02 02 02 4 0 0

CNOride 283 752 28 2d 18 5 29 18344 152 18 0 0

aumiwm OisaoNed 02 02 02 02 02 c02 02 02 01 05 0137 01 15 14 93

aumimlm mml 07 02 07 01 02 01 07 01625 01 8 6 75

ArNmony dissolved 0001 0001 0001 OOOi 0001 0001 0001 0001 0001 005 00028 00005 17 17 100

ArNmony mbl 0001 0007 0001 005 0001 0001 005 00068 00005 8 8 100

Arsenio diaaoNed 0003 0005 00023 00025 4 4 100

Areema mml oa1 om 001 om1 01 oao1 01 00076 ow325 10 70 700

ImrimnmeeaNea oas3 ooa a1 oo4a oas 1 2 50

eariem mml aose oa oose o047 ooas 4 0 ox

Bryeitrnl aiwdvea om1 0002 ooooe3 om1 6 6 1ao

Beryeium mml 0 0 0 0 Na

Borcn mml oos 005 oozs aozs 7 7 1ao

Cedmum dissolved 00002 c0001 00003 00007 fi 6 700

Cadrrium mml 0 0 0 0 Na

cm0mium dissolved 0005 c0005 00025 00025 6 6 700

CNOnium mml 0 0 0 0 Na

CyaNde mfal 007 Ooi 0005 0005 7 7 700

Copper 0 0 D 0 Na

Copper tlissoNatl 0009 0005 0005 0005 0002 0002 0003 0005 0002 002 00051 000275 17 12 71

Copper mml 0007 c0005 D005 001 0005 0005 Oot 00039 00025 7 6

Iron dieaclwd 003 003 003 003 003 003 02 00333 0075 12 77 92

Imn mml 008 003 004 003 008 00375 00275 4 2 50

Imn suspendatl 078 0035 003 078 0214 0025 4 2 5096

Imn Ferrous Fe2 003 004 003 003 003 004 002125 0075 4 3 75

Imn Ferric Fa3 079 0035 007 003 003 079 0185 0035 5 2 1096

aad dissolved 0002 0005 00027 00025 4 4 100

Iaemta ooos ooa5 oao5 005 oaos oooz oos ooofies ooozs 1o s ao

Manganese disc 001 001 001 001 001 001 001 c001 001 001 00053 0005 15 14 93

Marpansw mml DOS 001 001 001 001 001 005 0010625 0005 8 7 88

Martyry diaaoNetl 00002 00002 00007 00001 4 4 100

Msrary mml 00001 00001 00001 c0001 00007 00001 0001 00002 000005 7 7 100

Molybdenum dies 0005 0005 0005 0005 0079 0007 0058 W005 0005 01 00145 0005 18 14 78

Molybdenum mbl 0 0 0 0 Na

Nickel diudved 001 004 001583 002 8 5 83

Nickel mml 0 0 0 0 Na

P7wepMroue 0 0 0 0 Na

Selenium dissolved D005 001 00036 00025 7 7 100

Sabriium mtal 0 0 0 0 Na

Silver diwoNed 00002 001 00017 00001 6 fi 700

Sever bml 0001 0001 001 001 oltU7 0001 001 00024 00005 7 7 100

Thallium dissolved W001 0001 0001 0001 0001 0001 0007 0001 c0001 0001 O000c 00005 77 17 700

Vanadium dimNad 0007 001 00014 0005 7 7 700

Thdlium mml 0001 0001 0001 c01 0007 0001 01 000757 D0005 7 7 700

Vanadum mbl 0 0 0 0 Na

Zine dieaoNetl 0005 c001 000508 0005 6 4 67

Zincmml oo1z eoo7 ooos 001 ooos ooos ootz oaosz oaos 7 s 71

UraNum diswNed 00148 00668 00018 00031 00019 00013 0002 00073 00066 00064 00086 00069 00778 00018 00012 00009 00013 Odd7 00023 00038 0462 0759 778 00015 00054 00009 718 00165 000335 55 0 0

UraNum ewpeMSd 00035 00002 00001 77 03411 0002 5 1 20

Unrium mml 00038 00036 00038 00038 00038 1 0 0

Trodwzza aia pciti 0 00034 omn 00034 z 1 sD

ThodurrF230 ilia pCOL 01 01 01 1 0 0

Thoriurm232 die CUL 0 0 0 i 1 100

Rediurrv226 die pCilL 14 04 02 02 06 02 t4 046 05 11 3 27

Radium228 susp pCill c02 0 02 0067 01 3 2 fi7

Radium226 mfal pC9L 0 0 0 0 Na

crone apna ilia pcile 3 47 3667 385 3 0 0

Grow Bab die ilL 11 5 2033 78 3 2 67
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TABLE J2 WATER QUALITY IN ALLUVIAL MONITORING WELLS

1998 Y007

MONITORING WELL MWO

MNO MNR MJrO MNO NMA MWO MNO MNA MNO 61W0 MNA N1N0 MNO MNO MVrO MVr9 MNO MVR M1p

328ID1 17N7 54101 620019

MWO MNO MKO MN9 MNO MVVO MVO MVYO NINA MVO MVA MNO MNO

725101 82701 16107 102701 1128N1 1120N1 729102 72702 128102 423M2 202627 028127102 897

9892986 1021198 11231 17H 61981 201991 17993 249942159 5 2489N 119Ba 1 284399175 991128 003 pM

am unite 7 47 47 27 77 26 97 37 87 27 17 1Contlugivey

umMa3 I363 356 343 334 310 298 293 406 256 355 280
240

Total

diamNSd saBds 278 215 234 241 222 778 189 181 288 178 248 Total

suspendetl eo8ds2 5 1 1 2 7 7 7 0 45 710 NaMneo

taal160 17 I760 150 150 140 CarEOnata

1p5 135
Bicareonate

8
89 92 AlkafNy

OissoNad 120
120 120 98 9 79 B7 111

FRafn4y

total Mbaa

Nitrogen 120

0

7220

0

4p 1O s0 10 40 70 4o t7 0 50 577 AmmoNe

roal0 0 0 0 0 D 0 0 1 1 7 48 8Gldum

tlissdre0 43 45 42 41 39 38 43 Caldum

loal51
443 283 18

16 8Magnesium

dicadved14 14 73 73 12 11 96 17 114 731 472
71 1Sotlbm

diawNed8 12 10 10 9 9 5 10 10 74 12
826 Poaatium

diaaoNed2 13 2 92 62 823 2 328 2 3 871
78

2Bulata

83 80 73 85 65 54 52 52 110 45 75 Fluoride

tool0 20 30 30 30 30 30 32g 9CNbrbe

10 73 13 77 9 10 1D 10 8 11 10 w
1w

tnaanirwm

asaaNeaws os os ws ws os 0 1oa
D zaamaam

rotas nNalomr

aaaoNea0 030 03o aoew I103w Dp3o oD3o DD6w ooew aoeo osw

oso

lw1w

oD1nndmory

roai AneNO

aicaolaeaw

o3p

oosw oso os0 0030 003woos w opswoos 0
0010 01Araenro

toal0 050 0030 003Barium

tliasoNetl0 50 080 060 050 040 1Sarum

loW 0 080 050 05BeMfum

tliuoNed0 0010 0010 0020 002O W2o OD2w 001Beryltlum

toW0 001Boron

total Cadmum

diasoNatl0 0020 0020 0002O W020 00020 00020 001Cadmium

total0 003Cadmium

divoNetlO oW0 0050 0050 005p 005O WSO OOsCaom

wmtoal0 0050
01ganbe

ronl Copper

Copper
tliasoNed0 02OPZ w OZ0 02w 02w 02w 005w 005005 0 070

010

5w

oasCopper

total 0 030 03Iron

tliasoNad0 030 03O 1130 03D Ww 03o t0 03Imn

total w 03Imn
wcpeMed Iron
Ferrous Fe2 Imn
Femc fe3 Lead
tliawNad0 00130 05w 050 002w poz0W5 w 0050 0050

05w sLead

total 0 02O W20 0020
01w o1Maneaneae

aiw o1w o1o D1D D1w p1w ww mw
otp otMarSaneae

IOal Mer

arydiswNeao oooxw ooozw aoozm OW2o opozw ooozw
aoto oootM

rauybalMoylatenam
diaaMo
edenum baiw

ooo2o

mo

DZ4ooze D ozo ozo ozo ozD p3so o3aa o360
10 019wael

m aNeao ozw oz0 04w oao ww oa0 01o D1Nickel

roal 0 02P11oapMroua

Sebnium
dissolved0 050 05O o050 0050 0050 0050 010 010 01SekNUm

total58aer

dlawNed0

p5O

OOS0 0050 007w p0020 0002O W020 010
07w 001tlven

total tllasoNed

TtwlBum0

0050

050 050 0010 001w 0010 00w OD10 0010 0010 0071 Vanadium

dicsoNed0 0050 0050 010 07w 010 01D 010
001 w 901 ThelFum

blal w 03vaneaium

brat zinc

alssavetlw

aoso

DOeo ooe0 006o aoswoos p ooaw o1o otp o1o
ato opsnn

bat 5
0 13 0 0845 78 0 4050 2350 2030 172188 0 760 752760 160 120 00

0992125 0 08320 08450 7230 7720 1280 7321 Uranium

tllsaoNed0 770895 0096 0 0780 210 0620 05850 07350 06Uranium

wapentletl Uranium
loal TMrium

228dlx PCJL 0 20 0 Tnorami

z3osic PaL Tnonum
x32tli uL 0

20

20

70 0

0 4
00 5 S

1 Redian226

dp IPCUL1 7O s0 30 80 3Radium

226soap pGIL Radom
2211lMal pCJL s7

57 Gross
AIPIm dia Ipciy 140 720 a4 43 46 60

48 Groaa
Bea tlia IIL 29 32 38 35 39 f401E3

Mann eM medunItiticcalcWaled uan9 ansaaaae 4aNdlM SmsllrsDLnq OMecledN 4Hediw im4alwwn ND NDnurMerand percent of ron ONecla Recces

amglL uNeu oNerwise nole Page
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TABLE 3Z WATER QUALITY IN ALLUVIAL MONITORING WELLS

1998 Y007

MONITORING WELL MWO

O MN0 MNO MVA MYW MN0 MNA MVA MNO MNO MNO MNO MNO MNO MN0 MWO MIN MAX MEAN MEDIAN COUNT ND ND

M1A0 MVO MNO MN0 MNO MN0 MNO MN

9003 52a3 62403 730103 391104 69904 99QN4 122904 38105 928105 772905 629106 69006 63006 328107 9697 9607
03 127N3 327103 32703 41lJta2 113102 120

703 fi98 fi9 77 723 72 13 0 0

pH Mtl urvla 535 536 258 536 3878 355 73

CorMUCtWIty umhos 376 378 178 840 2819 2445 18 0

ToW tlismhea m00a 437 640 280
0 457 fi197 2 17 6 55

Tobl suapemea mlitls 140 170 755 155 fi 0 0

wraress wW 0 0 0 0

CarBanate 145 145 70B 745 7281 135 7 0 0

Bkaraorete 708 127 108
89 92 827 67 3 0 0

aka6nily Diseorvetl 119 178 9 Tp 7 Or

Alka6nay toW 89 89 882
048 O 4 13 4 31

wrww N4ro9en o 7 0736 o t7 77 tao

anmpNe tow
58 596 38 781 507 466 14 0

Cakum tlismNM 784 710 544
432 63 592 514 3 0 0

CelGUm tool
23 8 18 8 27 1 06

1
7 7

MapneNUm tliasoNetl 261 p4 73 5 24 2 2 11 17 6

Satlium tllemNetl 242 it 118
32 33 27 398 281 269 17 0 0

Powaaum tlisaoNStl 398 269 25
131 131 45 19f 897 74 IB 0 0

SuBate 191 179 99
02 03 0286 03 7 0 0

Fluorltle lobl 24 24 8 327 762 12 78 p 0

cnwrme 327 172

c0 2

24

0 2 02 02 02 02 w2 01 05 07M 07 17 17 100

AkaNnum aisaoNatl w2
0 2 02 02 w1 w2 0093 07 7 7 700

auminum lobl 02 02

w 001 0 001 0001 0001 0001 c0001 0001 0001 w05 0004 00015 79 19 100

Mlimor7 tlksaoNetl

MOmorry tool

0001

0001 c0001 pOD1
0003 c005 00079 00025 8 8 100

Aneruc aamrvw
w o1 0 01 oa m1 ooot ot oots ooos to 1o too

Anenk toW wpt
omz pa6s o04 os poe1 006 e z zs

Bedum tlismNed 0068 0063 005 0068 0058 006 5 0 0

Barium IOW 0001 OOD2 OOD7 0001 7 7 100

Bery0ium tliasoNetl 0007 c0001 00005 00005 1 i 100

eery6umtowl 0 0 0 0 Ns

Boron tool w0002 0002 00000 00001 7 7 100

GamNm NamNea pp03 c0003 00075 00015 1 7 700

caami9m local oaos waos otlo2s oao2s 7 7 700

CNOmlum tliesoNatl 005 c 005
Dllromlum tabl 001 01w 0005 0005 7 1 100

CyeNae toW 0 0 0 0 Ne

Copper
0050 0 0p5 0001 0003 0003 0005 0005 w007 w02 0005 0003 19 78 84

Copper aismNetl 001

0 005 0 005 0005 0005 0005 0005 w01 00029 00025 7 100

Copperlowl
Iron tllruwNetl w03 003 003 078 01

090 15 0

c003

0 03

078

015

0034

0079

0015

0085

14

8

12

1

86

17

Imn total 0047 0094 008
003 003 0015 0015 1 7 700

Imn suapeMetl 003 c003 w03 016 07 003 Otfi 0067 001s 5 3 fi0

Iron Fertoua Fe2il
9 008

Iron Ferrk Fe3 0047 00 4 ppp w05 OOW6 00025 8 7 88

teaa aiaaarvea
ooso woos woos woos oom wos ooosz aaozs to to 100

tearowl ooos
w m oto oot wm wot wo1 oot pp1 wot ooos ooos n n tao

Marganesetliss
Mergareee wtN

oot

wo1 wot wo7 wot wot oot

w0002

001

wDpp2

aoos

00001

oaos

00001

7

6

r

6

tro

100

Merwry r6advatl
0 0001 OW1O 00001 00007 w0001 c0001 00001 000005 8 8 700

Marwrywwl 00002
0 021 0 023 0008 0021 0021 0024 0024 0 9

Molyednum tlias 0015
003 003 003 003 7 0 0

Menem wW 007 c004 0074 0015 8 8 100

Nkkel tliamNea c002 002 001 007 7 1 700

Nkkel bbl w w p 0 Na

PhoapMrous 0005 005 OODB 0005 9 9 100

Seknium aicaoNetl pos wos oozs oozs 7 1 tao
SekNUm toW ooooz wo1 ooots oaaos 7 7 ttXlx

srveraorvea
wmt o ao1 om1 oro1 poo1 wo om2 oo0os e e 100

6rverwW 0004
wm1 0 001 wmt wpot oao1 w001 oao1 w001 wos oppm oooos 19 19 100

T7Wfum aiamrvtl oao1
waos oot o004 ooos 7 7 too

vareawmaismrvea
c0 001 0001 c003 00029 00005 8 6 100

TtW6umwwl 0001 0001
00p5 0005 00025 00025 1 1 100

Vareaium wwl oaos wD1 0006 ooos a s ss

rnctliamrva
o oos woos woos woos ooos wot Doo4 ooozs 7 s 77

73na mW oao7

24 0 23855 0 274135 0 755 00 369 0296 OD183 0228 0233 0591168 0 187 00 042 9434 00183 098 0202 07575 54 D 0

Uranlum tliamNetl 00621 011 0188 015 0367 035 098 0
00008 00004 00004 00008 OOOW 00006 2 0 0

Uranium mapeMetl 0455 043 043 0458 0443 0443 2 0 0
uromum wtal 0 oz ooso 0 4 3 7s
Tlarwmna aia pcul 0 02 oo7s oos 4 2 so
Trorwm23o aia ocu o oz ooso o a 3 7s
Tnaaum23z aia i2

os os
t 1

Naewmazsaiapcu 74 oz mi o2 oz a oa z z ao7

waiam226 soap tpc9 0 0 0 o Ne

Raaiumzzfi tow vcu 43 740 7z4 s7 7 0 0
Drpas ap6a aie pc9y zs 60 3sa 3s 7 0 ox
cross flew aia n
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ABLE 34 WATER QUALITY IN ALLUVIAL MONITORING WELLS

19984007

MONITORMG WELL MW1

MW7 MVIt MWt MYV7 MW7 MWI lANA MWf MWI MWI MWI A4VJ1 MW1 MWI MV111 MWI MVI1 NIW7 MW1 N1Vd1 MYVI MWI MWt

7 02
MWI MV1N MW1 MWt MWI MVA MW1 MVJI

89198 929198 192798 112398 127898 12098 21799 32M89 42789 51499 41499 72899 91599 7228810 315x01 328101 507 53191 62091 725m1 2701 41401 192701 111401 1112091 12992 12702 32802 42402 52802 142

pH sltl urNa 72 83 71 75 72 69 73 75 74 72 72 72

ContlucOvey umhos 303 286 271 264 245 238 233 224 296 296 332 309
153

375

TotaltlbsoNetl w9CS 223 158 770 783 152 128 157 132 187 271 228 207

Toblf0fpeneetl mlitla 283 774 7211 339 418 216 175 4 303 3 10 463

Hartlmc bbl 130 120 110 110 100 96

Car5otu10 805 952

BlcerNanate
66 70 85 91 78

akafnM1y DiaaoNaC

l 1z0 97 93 95 120 81 83 85 66 70
akatlney bb

N Nitr 0 7 0 4 4 09 01 04 OA0 04 08 1 05 05 w5
ogenCn1e

N 0 0 0 0 0 0 0 D 1 1 1
31 9

SfiB
Amnro e rota

Cekiuni tlismNetl 35 33 30 31 27 28 34

calcium tool

tlbsolveCMagneaum 10 10 98 92 84 79 75

352

115

365 591

121 216
93

128

167

187

Sotium euwNe0 6 70 10 9 8 9 5 88 10 12

3 3 72
18 256

Pobssium tlisaoNetl 22 26 23 21 t9 77 18 23

52
28A

121

SJfate 48 37 38 39 38 32 39 27 65 89 63

Fluariee total 02 03 03 02 03 03 03 93 348

ChbNtle 9 13 13 12 13 70 9 11 11 9 10 77
O1 02

aununum ObeoNetl 05 05 w5 w5 w5 05 01
03 02

Alumir4ro tot

Anemorry eiasoNatl 003 w03 0008 0003 0003 0003 w006 0006 w008
wos

005

woo1

0007

ANknorryIOtal
Arsenic NCadvae

003

0005 005 005 0003 O1103 0005 OWS 0q5
wW1 001

Arsenic total 005 0003 0003

Beman tllsaaNetl 05 005 005 005 003 01

Baeumtobl 005 004 005

BeMumeifaNea w001 w001 woo2 oooz wooz oooz woo1

BerylBum btal 0001

Boron coal

atlmipmtliasoNe oooz oooz ooooz ooooz weooz wa0oz 0001

aambm row

chr4mwm aiewNea

0003

ooos woos ooos ooos ooos ooos ooos

CIVOmI0r11bb1 0005
001

cynitl rob

copper
Copper tlissoNeC 002 002 002 e0D2 002 w02 0005 0005 0005

wo1

001

ooos

0005

Capper total

Iron NasoNa0 003 003 003 003 003 003 01
088 0199

Iron total

Imn wfpeneetl e003 0

Iron Fertous Fe2 086 0799

Iron Fertic Fe3
LeeQ tlissobatl 00003 005 005 0002 0004 0005 01105 0005

005 0005

Leea cow woz oooz o0os w61 oot

Mar9anftlNf0 010 010 010 010 010 01m o1o
ww 01Merpanese

bbl Merwrv

eiffaNeaw oooz0 0003o 60ozo oo0zo 6cozo ooofiw m1o aootMerwn

total M4Mlwenam

aimo

tlao20
006o ooe0 01o otw m0 010 0190 0130 014w

1w oosMo

lwenrun roblNiak

laiaNtl0

012w

ozw o20 040 04w o40 040 01m o1Nickel

tool0 02PMaphorous

Sebnium
tliasoNetl0 050 050 0050 005w 0050 0050 01D O70 07Selenium

toblSher

tllssoNatl0

050

005w 0050 0010 00020 00020 00020 010
010 001SYver

tool aifeoNetl
TtuBam0

005w

asw os0 001wm1 w 11o1om1 om1 o ao10 0010
0010 001wrrsm

meifweao oosw 09sw o10 010 01w mw o10001
0 001TheBUm

tabl0 03Vanatlium

lalel Zinc

eissoNetl0

0050

0080 0060 0080 0050 0070 008w 010 070 070
010 Z

rtool 0
0525 0523 0 07740 07260 0870 0550 0390 053607440 090 73 0 70 00

04090 06870 06820 08540 07310 04440 0650 0943Uranium

tliccoNetl0 06480 06710 050 03920 08040 0490 0440 0420 0410 052Ursnium

sufpentletl Ursnium
teal0 Thoeum228
tlis pCi LThorium
230tlb PCB0

0

40

0

20

0

10
TNOrlum

232tlis OL 0 0 0 0 7
0 83

0 70
20 50 3Ratliurn

226tlb pCUL 7 20 50 30 57 0 30 10 3Retlwn

228wsp pCJL RaCiurtt228
tool pC9L 28 35 Grose
appseb pcVLl 91 81 31 29 45 32

34 Groae
Beta Cif 9L 25 13 26 18 35 NOTES

MefnarW nwtlian Y9Mic ukuble4 asnY Ono luatM4aladion ame 112OLnd 4e1eda4 d4Nedion omit ahmnND NDnumbwaMp madanon 4elscN Rawas

in mglL unbss oNeMiae nota Page
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TABLE 32 WATER QUALITY IN ALLUVIAL MONITORING WELLS

1998 2007

MONITORING WELL MWl

MW7 MW7 MWt MWI MW7 MWi MNM MNA MWI MWI MNn MNM MWt MW7 MW7 MW7 MW1 MWI MW1 MVJI MWt MW7 MVJI MW7 MIN MAX MEAN MEDIAN COUNT ND ND

fU2702 102102 173102 113W03 227103 327N3 3131 N3 4393 521103 624103 730103 92493 391101 69404 913004 1 22904 32Y05 62Y05 28105 1129OS 3I31Ofi 62396 H9W06 320 talc uu 720E

pN tltl uNiy 732 69 83 733 72 13 0 0

Contluaivay umlwa 372 224 372 2822 286 73 0 0

Tobl disaoNe0 aolka 335 212 234 128 335 1987 193 17 0 0

Tobl wcpentletl spwa 3 293 959 441 12 7 8

hardness law 86 130 711 110 8 0 0

GrNOnate 0 0 0 0 Na

Biurbonab 976 fi77 63 63 976 806 BOS 5 0 0

AtlufnBy DiaaoNStl 68 97 780 P5 4 0 0

Alkafn8y wlal 80 56 52 52 120 828 81 15 0 0

Nibale Nllrepen
W1 1 052 04 13 2 15

Ammonia wbl 0 t 0138 0 11 11 700

Calcium Ouadvetl 632 354 438 ffi 632 372 335 72 0 0

Celdumlaal 352 591 438 385 3 0 0

Mapriedum dicmNed 191 106 712 79 75 164 108 75 0 0

So0km disaoNetl 176 159 2 5 187 111 10 15 0 0

Pobaalwn diaaoNatl 29 201 2 17 31 223 22 75 0 0

SWbta 130 745 85 27 130 583 48 17 0 0

FMmrke bbl 02 03 0271 03 7 0 0

CModde 337 228 23 9 348 167 12 77 0 0

Awmkam aiawNed oa oz a2 m2 02 oz ma os o1so 01 Is 1s 100

Plummumtael 029 028 02 W2 03 0274 028 5 2 40

AnilmoM diaaoNatl 0001 OODt 0001 0007 01101 NW1 0001 005 0004 00075 17 17 100

Mlhnorry vial 0007 OOD1 0001 0007 005 00070 00005 8 8 100

ArsarJC tliasoNed 0003 005 00079 00025 8 6 700

Monk bw 001 001 01 0001 p1 0012 0005 8 8 100

8adum dlssoNetl 0047 003 05 0075 005 7 2 29

Sedum rowl 005 004 005 0048 005 4 0 0

fiaMum eiaaoNee 0001 Dooz o001 ooot 7 7 loox

eeryloumlobl moot aoot ooeos oooos 7 7 100

boron weal 0 0 0 o Na

Gtlmium tliaaoNetl 00002 AOD2 00009 OOOD1 7 7 10D

aamiamiow 0003 0003 oDws oools 1 7 10091

Chromium dissolved OWS 0005 OOD25 00025 7 7 10D

cnrommmwbl ooos ooos oixl2s ooo2s 1 t 100

cyanmeww 001 001 oDOS o005 1 i toox

Copper 0 0 0 0 Na

Copper tlissoNe0 0005 0005 0003 0002 000 N005 0002 002 0005 00025 17 14 82

Copper wlal 0005 0005 0005 0005 001 00030 00025 5 5 100

Iron dissoNetl 003 003 07 0019 0015 8 8 700

Ironlobl 09 17 003 007 t1 0815 088 5 7 2096

Imn auspeMetl
0 0 0 0 Na

Iron Fertoua Fe2 003 003 003 005 003 003 003 005 0019375 0015 8 7 88

Iron Fertk FeN 09 11 0199 17 0765 088 4 0 0

Lead aiaaoNtl oaoo3 DDS oixr7e Doius 6 7 ee

Lea tow oixts otws ooos m0oz oos 00064 ooozs 8 7 eex

Merpaneaeaaa oot mo1 wo mot mo1 001 oD1 001 oaos oDOS 1s 14 97

Marpsness low 001 001 001 001 001 0007 0005 5 3 fi0

Mercury tlissoNetl 001702 O000B 00003 000015 8 3 50

Mercury teal 00005 OOO01 00001 OlI1101 0001 00002 0000075 8 5 B3

Moyedereun diaa 0005 0007 0014 0008 0088 0012 0005 01 0015 0006 17 5 29

Mo Ndemlmlobl 0012 0012 OA1 0012 1 0 0

Nickel tliasoNetl 001 004 0074 0015 8 8 100

wckel iobl oaz oOZ Dm 001 1 Iao

PhoepMrous o 0 0 0 Na

Seleaum tlisaoNetl 0005 pps 0008 0005 9 9 100

Selenium lobl 005 005 0025 0025 7 7 100

Silver disaoNetl 00002 001 00015 00005 7 7 100

Situer tow 0009 0007 0001 0001 007 0003 00015 8 5 83

TMIYUm tliawlvetl 0001 A1101 0001 0001 0001 0007 000f 005 00039 OOODS 17 18 94

Varotlium assoNetl 0005 001 D004 0005 7 7 100

Tntlium mow 0007 0001 0001 0001 003 00029 0000 6 6 10091

Venatliumlobl 0005 0005 00025 00025 1 7 10091

Zing dissoNe0 011US 001 0008 0008 9 1 44

Zwc motel 0019 0011 0008 0008 0019 0010 OWB 5 1 20

Uranium tllssoNed 00847 00846 021 07fi 00809 0174 012 00985 00415 0093 071 00782 00673 00683 0045 00373 00383 0198 00998 00689 00373 0272 726 0105 00373 726 0101 00693 54 0 0

Uranium auapeMetl
00005 0000 00005 00005 00005 7 0 0

Uranium wel 0106 0708 0106 0106 0106 1 0 0

Tigriun228 tlb pCJL 0 0 0000 0 4 4 100

Tnpripm7i0 tlis pcYL 0 01 0775 015 4 25

Thoriumy32tlla yL 0 0 0000 0 4 4 100

Radwrn716 Oia pCOL 04 05 03 02 02 02 09 02 02 09 05 04 02 02 01 13 044 035 26 7 25

Redkm226 wap pCYL Ofi 08 06 Ofi 06 1 0 0

Ratlhlm226 wlel pCYL
08 06 06 08 08 1 0 0

Grose Alpha di0 PCULI 26 92 487 35 7 0 0

Groh BeW die 2 13 35 261 26 7 0 0

Page 6 017



TABLE 32 WATER QUALITY IN ALLUVIAL MONITORING WELLS

1998 2007

MONITORING WELL MW2

J N1N2 MW2 MN2 IAYV2 MN2 MN2 MN2 MN2 MW2 MN2 MvV2 MYV2 MYV2 MN2 MN2 MN2 NNJ2 hN2 MW2 MN2 aAYVt MW2

lMN2 MV2 N84F1 MN2 MW2 MJJ1 MV

83198 91898 10198 7111398 1216198 12099 2199 32499 412699 612499 fy1699 728189 915199 1228100 122M10 3501 312801 52101 513191 82001 72501 82701 102791 11 2801 11H 891 12902 12102 12802 328ft12

pH pd units 74 6 73 72 72 71 75 5 73 74 72 32

GMuWVey umtws 269 286 287 279 283 260 263 264 336 197 217 290 560

89
160

Total diswNed solbs 198 153 178 190 1170 132 171 141 217 135 140 189 1

Total suspended wWs 881 114 218 1 274 104 122 177 2 1 306 70 10

NaNronlofp
G10onaie

B7 110 700 170 100 93

10
854

Bi0ar0onale
Bs 55 64 8

70Alkatinily OiaeoNSa

t t lll lmd 110 89 08 120 78 460 85 79 85 55 10
o aA a y

Nitrate NNO9en 01 04 01 09 01 04 04 04 08 01 05 05 05

Ammoraa mhl 0 0 0 0 0 0 0 0 1 t i
313

Gleam tliaadved 27 29 28 29 P 25 38
35 3

Glciun total

discoNaeMaprropun 72 82 79 8 79 72 69

199

fi5

308

B2 114 132
93

742

Sodium diaadvee 14 18 18 16 76 75 s 71 171 172

21 2 3

5

0 8
14

Polaasium dissoNetl 19 22 19 1T 19 15 1A 14

22 23 42 39
336

8lfate 37 39 42 45 52 40 43 44 7

Flroaee tool 03 03 03 03 03 03 03
20

2fi

CObade 11 15 11 12 11 70 72 17 12 10 13 73
0 2

Oi

Aluminum diaaoNea 05 05 05 05 05 05 01
01

Aluminum IO01

AMimorry eissoNed 003 003 OODB 0003 0003 0003 OOOfi 0006 0008 0001
006

NOS

ArtlimonYmtal
Arsenk disaaNee

003
N005 005 ODS OOOJ 0003 x005 0005 0005

0001

ArseNc bial 005 0003 0003

Bedum dissohed 05 004 004 009 003 01

totalBaaum 004 009 001

BeMlum tlissoNed 0001 0001 0002 0002 0002 0002 x001

eeMlamtotal 0001

Baron total

caambm disaoNad 0p2 0002 00002 00002 00002 00002 0001

Gdmemiotp 0003

COromiumdmoNee 0005 0005 OWS 0005 0005 0005 0005

CDromlumtotal 0005
001

cYani0a total OOOs

tipper
tipper eiswNee 002 002 002 002 002 002 0005 0005 OOOS

001

001

tipper toip

Iron diswNae c003 c003 02 003 003 003 01 003
204

Iron total

Iron wapenaed 003

Iron Fertous Fe2 204

Iron Ferac Fa3
Lead dissoNea 00004 005 005 0002 OOD2 0035 0005 0005

oos

Leaa mip Doz oooz Dooz
0 01 010

001

Marreaaeeeaiaa 001 om oot 001 mot wo1 001

Man0aneee fatal

Meraay aiaaawea oaao2 ooooz moooz oaooz ooooz oDDOZ oDO1

Merwrvloml
MolYDdenum dos

Mo trdenum mtal

ooooz

0023 0024 002 003 003 003

0028

0038 0027 0023

0 01

0009
01

Nickel tliasalvee 002 002 004 004 001 004 001

Nkkal total 002

PtpspNOrous
Spenbm NccoNed 005 005 0005 0005 0005 0005 007 001 001

SeleNUmIOtel

sayer eiae9Nea

005

oDOS oaos 0001 ooooz oaooz 00002 om
om

silver mlp ooos
os Om1 om1 0001 oao1o as o 0001 woo1 woo1 oDO1

oao1

Tna9mm aiawNea

vareamm aiee4Nea oDas ooos mo1 001 oot 001 001
0001

TMlium total 003

vnawm meal

nrwaisnoNaa

ooos

m1105 aoos oos oaos oaos ooos 001 001 oot
001

2Jnc mml
10298 0033 0 03340 7 1 0 031 0 031 0044 0066 00668 0044 00242 0016 00118 00225 0076 0021 00203 00141 00773 00218 0 1

lheniun diasaNed 00282 003 00248 00275 0
0002

Uranium srnperpe0
Uranium total

0
Tarbm228 dls pCilL 0 0

0
Ttwdu1rv230 Ns lbw
Tmaam232 aia cuu

02 01 01

o 0 0
0 2 0 2 02 1 09 06 05 03

Redium426 dia pCJL 08 02 02 02 D4
01

Radium228 soap pOilL
Redpan228 bial pOJLI 18 17
Gross Alpha dis pC9L1 36 48 14 17 19

19 16
Goss Beta eia ul 88 68 14 12 1

NOTES Mwn vM mMim eppk pvkWpad avn9 aneAW ms Ipecrion lima 112 DL np 4elecW p 4pedipn LM pwmi ND ND namMr vM percent al rwn 4pwts

Recalls n myl uNass otMrvise notes
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TABLE 32 WATER QUALITY IN ALLUVIAL MONITORING WELLS

1998 2007

MONITORING WELL MW2

2 MN2 MN2 MN2 MN2 MWl MN2 MVJ2 MJJ2 MN2 MW2 MWl MN2 MN2 MN2 MN2 MIN MAX MEAN MEDIAN COUNT ND ND

MN2 MWl MWt MMR MW2 MW

23102 529102 173102 113003 32703 63093 527 N3 62MO3 730N3 1 117103 331A4 6r30r90 913004 112004 32305 623105 11205 3137OG 62908 32607 7gID7 cak usl 12 DL

0 0

PH aa unnsl

4
733

238

31

191

77

580

7lB 73fi5

2869 274

14

14 0

Coritlucleeily IumMS 142 1D 1 0 7 85

Total tlisaoNatl soYtls 707
1 981 14118848 13 1 8

meal ciupenaea aaiaa 92 110 7015 100 6 0 0

HarMeas tokl 10 10 1 1 100

Caraonate fi0 1 8 5

Bicarborute 555
55 87 845678 4 0 0

AlWllnny DiswNatl 50 10 450 991 785 11 7 7

Alkalin4y total 46
ot 09 039 04 13 4 37

Nihale N4ro9en p 1 0736 0 17 17 7

Ammonielokl 285 i6 36 270 27 11 0

caldum tliasoNatl 16
199 353 287 308 3 0 0

Celtium IOlel 76 594 69 12s 795 14

Ma rosium tllscoNetlg 5997 11 3 5 18 131 148 14 1 7

soarmaia4Nea 76 09 23 171 78 74 0 0

Pokasium tllasoNetl 219 3 1

SOBete 8
03 03 030300 7 0

FAwritle local Z3 10 28 147 72 16

CNorida 178
01 01 p2 01 W5 0157 01 74 74 100

Alumiwm GsmNetl 01 01
Op 01 032 07425 01 4 3 75

ANmlman total 032 01

0 001 0001 0001 0001 01101 NOS 0005 00015 18 78 10D

Aniirtwrry tllaaoNetl 0001
0001 p001 005 OW83 00005 5 5 10D

Antimo toWY
W001 0001

0003 m05 00079 00025 8 8 700

Araenk tliseoNed 01 0001 cp1 0013 0005 7 7 1

AneNc tokl 001 001
0024 OA2 05 0068 004 7 2 29

Barium tlissoNetl oan pon ooa oo367s ooa a o

IAarium total 0001 oooz ooot o001 7 7 100

eeryAmmaieaarvm oDO7 om1 oODDS olxros 1 1 11Nri6

Bery0ium total D 0 0 0 Na

Boron rota W0002 0002 00009 00007 7 7 100

catlmlumtllaaaea 0003 0003 00075 00075 1 1 100

Catlmium total 0005 0005 p0025 00025 7 7 100

cnromum tliawlaetl p7xs ooos ooozs oao2s 1 1 7

chromium total mo1 001 ooos Doos t 1 1

cyaNaetokl DIXr Doos poozs ooozs 1 7 100

Copper 001 00010 0005 0001 002 0005467 00025 15 13 87

CoPPer dsaoMtl 0005 000
W005 0008 001 0003175 00025 4 4 70096

CoPPer told 0005 0005
003 003 01 0039 0015 9 8 89

Iron tlimNetl 048 0 2 110fi867 17

bon total 17 Q O 0 0 Na

Iron ausperMetl 03 0030 003 003 mD3 OA 0 0

Iran Ferrous Fe2
003

p 4 57 1 57 2 0 O

Oan Ferric Fe3
11

wapo4 Dos oo1z poozs e 7 aex

Leatl eiaeoNaa opos oooz oos Doo7 oDOZS 7

Lealokl waos oaos
ot 0 01w 001 om o03 Doo7 po9s 13 1z g2

Manganese tliss 003
p 07 001 OD3 D013333 0005 3 2 67

Mangarwae rokl 003
W0002 00002 00001 00001 6 6 100

Mercury0isaoNetl 00001 A0001 0001 00002 000005 S

Mercuryeotsl 00001 00001
008 0 0070 0009 5

MolylMenum tlian 0013
0026 0028 0026 0028 1 0 D

Mo OMnumlolal A01 004 0074 0015 8 6 100

NkkN NewNetl A02 002 001 001 1 7 100

Nkkel total 0 0 0 0 Ne

Phosphorous 0005 005 0008 0005 9 g 100

Seknium NssoNetl 005 W05 0025 11025 7 1 100

Seknlumtalel OOlX2 001 00015 00005 7 7 10096

Silver tlieaclvatl 0001 0001 001 00078 00005 5

SINer total 0001 0007
0 001 0 1101 0001 0001 005 00038 OOOl15 18 18 100

ThaAium tllaaoNetl 0007 000f
0005 001 0004 0005 7 7 700

VeneNUm tliswNetl 0001 0001 003 00034 00005 5 5 1

Tha0ium row
0001 0007

0005 moos ooo2s Doo2s 1 1 loox

varwalum total 0005 p07 00033 00025 9 9 1

Zinc tlianoNetl 0005 0005 ppt 0004767 0005 3

29ic total

uranium tliawNea

001

00128 00755 0026 00137 004 00115 00231 00175 0018 00164 00149 00173 00081 00065 00088 00132 OA21 0015 00221 00245 00282

oDOO7

OOOFiS

00007

14

oaln

0053 00218

olxrl3s oool3s

49

z

0

0

0

ox

uranium wepenaea oDZS2 oozs2 oo2sz Dozsz oozsz 7 0

urenNmtow o 0 0 0 4 4 1ao

monumzza ma PCUU o 01 01 a1 4 1 2s

Thonuz3o ma pDJL 0 0 0 o a 4 1

Tlarium232 da i2
7 0101 0 01 01 01 08 01 01 1 036 01 24 8 25

Ratliurm226 tlia pCULI 01 06 03
08 01 06 035 035 2 o p

Retlium228 soap pclL 06 08 08 08 08 1 0 0

Ratlium228 total pCYLj 74 4 8 241 18 7 0 0

Gross Alpha tlis pCVL fi8 1 9 134 1 4 7 0 0

Cron Beta tlk L
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TABLE 32 WATER QUALITY N ALLUVIAL MONITORING WELLS

1998 2007

MONITORING WELL MW3A

MW3A MW3A MW3A MW3A MW3A MW3A MIN MAX MEAN MEDIAN COUNT ND ND

33103 43003 521103 32807 62807 9607 talc usin 12 DL

7 56 756 756 756 756 1 0 0

pH std units
490 490 490 490 490 1 0 0

Conductivity umhos
322 322 332 327 327 2 0 0

Total dissolved solids 332
na Na na Na 0 0 Na

Total suspended solids
Na na na Na 0 0 Na

Hardness total
Na Na na na 0 0 Na

Carbonate
137 97 6 137 1173 1173 2 0 0

Bicarbonate 976
Na na Na Na 0 0 na

Alkalinity Dissolved
112 80 112 960 96 2 0 0

Alkalinity total 80
na na Na na 0 0 Na

Nitrate NiVOgen
na Na na Na 0 0 Na

Ammonia total
57 5 553 575 564 564 2 0 0

Calcum dissolved 553
Na na na Na 0 0 Na

Calcium total
19 18 19 18500 185 2 0 0

Magnesium dissolved t8
12 5 512 163 144 144 2 0 0

Sodium dissolved 163
3 3 527 41 4135 2 0 0

Potassium dissolved 527
98 98 173 10550 1055 2 0 0

Sulfate 113
Na Na na Na 0 0 na

Fluoride total
22 22 22 22000 22 2 0 0

Chloride 22
0 2 0 2 02 0100 01 2 2 100

Aluminum dissolved 02
0 2 02 02 01 01 2 2 100

Aluminum total 02
0 001 0001 0001 0001 00005 2 2 100

Antimony dissolved 0001
0 001 0001 0001 00005 00005 2 2 100

Antimony total 0001
Na na Na na 0 0 na

Arsenic dissolved
0 1 0 01 01 00275 00275 2 2 100

Arsenic total 001
0510 0051 0051 0051 0051 1 0 0

Barium dissolved
0490 0049 0049 0049 0049 1 0 0

Barium total
na Na na na 0 0 Na

Beryllium dissolved
Na na na Na 0 0 na

Beryllium total
na Na Na na 0 0 Na

Boron total
Na na na na 0 0 na

Cadmium dissolved
na Na na Na 0 0 Na

Cadmium total
na na Na na 0 0 Na

Chromium dissolved
Na na na Na 0 0 Na

Chromium total
na Na na na 0 0 Na

Cyanide total
Na na Na na 0 0 na

Copper
dissolvedCopper 0005 0005 0005 0005 00025 00025 2 2

2

100

100

totalCopper 0005 0005 0005 0005 00025 00025 2

2 2 100

Iron dissolved 003 003 003

030

co03

0 03

0015

0 015

0015

0015 2 2 100

Iron total 003 003
Na na na Na 0 0 Na

Iron suspended
0 03 003 003 0015 1 1 100

Iron Ferrous Fe2
0 03 003 0015 0015 1 1 100

Iron Fertic Fe3 003
Na Na na Na 0 0 Na

Lead dissolved
0 005 0005 0005 00025 00025 2 2 100

Lead total 0005
0 01 001 001 0005 0005 2 2 100

Manganese disc 001
0 01 001 001 0005 0005 2 2 100

Manganese total 001
Na na na Na 0 0 na

Mercury dissolved
0 0001 00001 00001 00001 0000 000005 2 2 100

Merwry total
0150 0015 0021 0018 0018 2 0 0

Molybdenum diss 0021
Na Na na na 0 0 Na

Molybdenum total
na na Na na 0 0 na

Nickel dissolved
Na na na Na 0 0 na

Nickel total
na Na na na 0 0 Na

Phosphorous Na na Na Na 0 0 Na

Selenium dissolved
Na Na na Na 0 0 Na

Selenium total
Na na Na na 0 0 Na

Silver dissolved
0 001 0001 0001 00005 00005 2 2 100

Silver total 0001
0010 0001 0001 0001 00005 2 2 100

Thallium dissolved 0001
Na na Na Na 0 0 Na

Vanadium dissolved
0 001 0001 0001 00005 00005 2 2 100

Thallium total 0001
Na na Na Na 0 0 Na

Vanadium total
Na Na na na 0 0 Na

Zinc dissolved
0150 0005 001 5 00088 000875 2 1 50

Zinc total

dissolvedUranium

0005

0154 019 014 00509 0226 0183 00509 0226 016 01685 6 0 0

50

suspendedUranium 015 00002 00002 01 5 0075 007505 2

1

1

0 0
0219 0219 021 9 0219 021 9

Uranium total
Na Na na na 0 0 Na

Thorium228 dis pCiL
Na Na Na Na 0 0 na

Thodum230 dis pCiL
Na na na na 0 0 Na

Thorium232 dis CiL
80 08 08 08 08 1 0 0

Radium226 dis pCUL
0 2 02 08 045 045 2 1 50

Radium226 susp pCUL 08
na Na Na na 0 0 Na

Radium226 total pCiL
Na Na na Na 0 0 Na

Gross Alpha dis pCiL na Na na Na 0 0 Na

Gross Beta dis CiL

NOTES Mean and median statistic calwleted usng onefieM the detection limit 12 DL not detectetl ffi detection limit shown ND ND number and percent of non detette

Results in mglL unless otherwise noted
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TABLE 32 WATER QUALITY N ALLUVIAL MONITORING WELLS

1998 2007

MONITORING WELL MW4

MW4 MW4 MW4 MW4 MW4 MW4 MIN MAX MEAN MEDIAN COUNT ND ND

83198 92998 102298 112398 121698 12099 calcusin 12 DL

pH std units 77 76 72 79 7 72 7 79 743 74 6 0 0

Conductivity umhos 676 688 654 611 598 550 550 688 6295 6325 6 0 0

Total tlissolved solids 515 459 465 433 432 353 353 515 4428 446 6 0 0

Total suspended solids 196 123 254 155 117 177 177 254 143783 139 6 0 0

Hardness total 320 330 320 300 290 260 260 330 3033333 310 6 0 0

Carbonate na Na Na Na 0 0 na

Bicarbonate na Na Na na 0 0 na

Alkalinity Dissolved na na Na na 0 0 na

Alkalinity total 130 140 140 150 130 140 130 150 1383 140 6 0 0

Nitrate Nitrogen 29 31 33 32 25 21 21 33 285 3 6 0 0

Ammonia total 0 0 0 0 0 0 0 0000 0 5 5 100

Callum dissolved 85 87 84 78 75 67 67 87 793 81 6 0 0

Callum total Na na na na 0 0 Na

Magnesium dissolved 27 28 27 25 24 22 22 28 25500 26 6 0 0

Sodium dissolved 14 16 14 14 13 13 13 16 140 14 6 0 0

Potassium dissolved 31 37 35 34 34 32 31 37 34 34 6 0 0

Sulfate 210 210 190 170 180 150 150 210 18500 185 6 0 0

Fluoride total 03 03 03 03 04 03 03 04 03 03 6 0 0

Chloride 9 10 11 11 11 10 9 11 10333 105 6 0 0

Aluminum dissolved 05 05 05 05 05 05 05 05 0250 025 6 6 100

Aluminum total na na na Na 0 0 na

Antimony dissolved 003 003 0008 0003 0003 0003 003 0008 0004 5 4 80

Antimony total 003 003 003 0015 0015 1 1 100

Arsenic dissolved 0005 DOS 005 0003 0003 005 00135 001375 4 4 100

Arsenic total 005 0003 0003 0003 005 0009333 00015 3 3 100

Barium dissolved 05 004 004 004 004 05 0093 004 4 1 25

Barium total 004 003 004 003 004 0036667 004 3 0 0

Beryllium dissolved 0001 0001 0002 0002 0002 0001 0002 0001 0001 5 5 100

Beryllium total 0001 0001 0001 00005 00005 i 1 100

Boron total na na na Na 0 0 na

Cadmium dissolved 0002 0002 00002 00002 00002 00002 0002 00005 00001 5 5 100

Cadmium total 0003 0003 0003 00015 00015 1 1 100

Chromium dissolved 0005 0005 0005 0005 0005 0005 0005 00025 00025 5 5 100

Chromium total 0005 0005 0005 00025 00025 1 1 100

Cyanide total Na Na Na na 0 0 Na

Copper na Na Na Na 0 0 na

Copper dissolved 002 002 002 002 c002 002 002 002 001 001 6 6 100

Copper total na Na na Na 0 0 na

Iron dissolved 003 003 003 003 003 003 003 003 0018 0015 6 5 83

Iron total na na na na 0 0 Na

Iron suspended Na na na na 0 0 Na

Iron Ferrous Fe2 na Na na na 0 0 Na

Iron Ferric Fe3 Na Na Na na 0 0 Na

Lead dissolved 00002 005 005 0002 00002 005 00128 0013 4 4 100

Lead total 002 0002 0002 0002 002 0004 0001 3 3 100

Manganese dirs 001 001 001 001 001 001 001 001 0005833 0005 6 5 83

Manganese total na na na Na 0 0 na

Mercury dissolvetl 00002 00002 00002 00002 00002 00002 00002 00001 00001 5 5 100

Mercury total 00002 00002 00002 0000 00001 1 1 100

Molybdenum diss 0031 0029 003 015 003 0029 015 0054 003 5 0 0

Molybdenum total 0033 0033 0033 0033 0033 1 0 0

Nickel dissolvetl 002 002 004 004 004 002 004 0016 002 5 5 100

Nickel total 002 002 002 0010 001 1 1 100

Phosphorous na Na Na Na 0 0 Na

Selenium dissolved 005 005 0005 0005 0005 0005 005 00115 00025 5 5 100

Selenium total 005 005 005 00250 0025 1 1 100

Silver dissolved 0005 0005 0001 00006 00002 00002 0005 000124 00006 5 4 80

Silver total 0005 0005 0005 00025 00025 1 1 100

Thallium dissolved 005 005 0001 0001 0001 0001 005 0010 00005 5 5 100

Vanadium dissolved 0005 0005 001 001 001 0005 001 0004 0005 5 5 100

Thallium total 003 003 003 0015 0015 1 1 100

Vanadium total 0005 0005 0005 00025 00025 1 1 100

Zinc dissolved 0005 0005 0006 0005 0005 0005 0005 0006 0003083 00025 6 5 83

Zinc total Na Na na Na 0 0 na

Uranium dissolved 03 0031 028 029 029 02 0031 03 0231833 0285 6 0 0

Uranium suspended na na na Na 0 0 na

Uranium total na na na Na 0 0 Na

Thorium228 dis pCiL 0 01 0 0 01 0033333 0 3 2 67

Thorium230 dis pCiL 04 03 0 0 04 0233333 03 3 1 33

Thorium232 dis pCiL 0 0 0 0 0 0 0 0 3 Na

Radium226 dis pCUL 12 02 02 05 05 02 12 052 05 5 0 0

Radium226 susp pCiL Na Na Na Na 0 0 Na

Radium226 total pCiL Na Na na Na 0 0 Na

Gross Alpha dis pCiL 400 420 170 160 150 150 420 260 170 5 0 0

Gross Beta dis CUL 93 63 140 120 130 63 140 1092 120 5 0 0

NOTES Meen end modian sranstic calwleted usny onehaM the detection limit 12 DL not detected et detection limd shown ND ND number end pament onon detach

Results in mgL unless otherwise noted
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TABLE 32 WATER QUALITY IN ALLUVIAL MONITORING WELLS

1998 2007

MONITORING WELL MW5R

MW5R

112099

MW5R MWSR

21999 32599

MWSR

42699

MW5R

52799

MW5R

61799

MWSR

72899

MWSR

91699

MIN MAX MEAN MEDIAN COUNT ND ND

pH std units 74 77 8 8 76 76 96 74 96 799 77 7 0 0

Conductivity umhos 539 541 507 581 369 616 600 369 616 5361 541 7 0 0 rG

Total dissolved solids 326 347 330 390 232 419 410 232 419 3506 347 7 0 0

Total suspended solids 1 1 0 1 10 10 479 0 479 8486 05 7 6 86

totalHardness 180 180 180 180 180 1 0 0

na Na na 0 0 na
Carbonate

Na Na na 0 0 na
Bicarbonate

DissolvedAlkalinity 100 140 100 53 53 140 9825 1 4 0 0

totalAlkalinity 120 110 120 100 100 120 1125 115 4 0 0

Nitrate Nitrogen 17 14 08 36 05 2 3 05 36 186 17 7 0 0

Ammonia total 0 0 0 0 1 1 1 0 1 0214 0 7 7 100

dissolvedCalcium 45 53 45 53 490 49 2 0 0

Calcium total 334 521 44 334 521 431667 44 3 0 0

dissolvedMagnesium 16 110 123 135 177 123 110 339 16 5 0 0

dissolvedSodium 41 30 298 457 333 298 457 360 333 5 0 0

dissolvedPotassium 24 23 18 153 27 18 153 49 24 5 0 0

Sulfate 140 140 120 150 48 190 230 48 230 14543 140 7 0 0

Fluoride total 05 05 05 05 05 1 0 0

Chloride 14 16 16 13 9 15 16 9 16 14143 15 7 0 0

dissolvedAluminum 05 01 01 05 0150 015 2 2 100

totalAluminum
na na Na Na 0 0 Na

dissolvedAntimony 0003 0006 0006 0006 0003 0006 0003 0003 4 4 100

totalAntimony
Na na Na Na 0 0 na

dissolvedArsenic 0005 0005 0005 0005 0005 00025 00025 3 3 100

Arsenic total 0003 0003 0003 00015 00015 1 1 100 G

dissolvedBarium 01 01 01 0050 005 1 1 100

Barium total 004 004 004 004 004 1 0 0 6

dissolvedBeryllium 0002 0001 0001 0002 0001 000075 2 2 100

na Na Na na 0 0 na
Beryllium total

Na na Na na 0 0 na
Boron total

dissolvedCadmium 00002 0001 00002 0001 00003 00003 2 2 100

na Na Na Na 0 0 Na
Cadmium total

dissolvedChromium 0005 0005 0005 0005 00025 00025 2 2 100

Na na Na na 0 0 na
Chromium total

0 01 0 01 001 0005 0005 1 1 100
Cyanide total

na Na Na na 0 0 Na

Pf
dissolvedCopper 002 0005 0005 0005 0005 002 000438 00025 4 4 100

na na Na Na 0 0 Na
Copper total

0 04 0 1 004 01 0045 0045 2 1 50
Iron dissolved

na na Na na 0 0 na
Iron total

Na na Na na 0 0 na
Iron suspended

na na Na Na 0 0 Na

Iron Ferrous Fe2
na Na Na Na 0 0 na

Iron Ferric Fe3
0050 0 005 0005 0005 0005 00025 00025 3 3 100

Lead dissolved

totalLead 0002 0002 0002 0001 0001 1 1 100h

discManganese 001 001 001 001 0005 0005 2 2 100

na Na Na na 0 0 na
Manganese total

dissolvedMercury 00002 00002 00002 00001 00001 1 1 100

Na na Na Na 0 0 na
Mercury total

dissMolybdenum 011 013 111 0096 0096 111 03615 012 4 0 06

totalMol bdenum
na Na Na na 0 0 Na

dissolvedNickel 004 001 001 001 004 001 0005 3 3 100

na na Na Na 0 0 na
Nickel total

na na Na na 0 0 Na
Phosphorous

dissolvedSelenium 0005 001 001 001 0005 001 000438 0005 4 4 100 r6

Na na Na Na 0 0 Na
Selenium total

dissolvedSilver 00002 001 00002 001 000255 000255 2 2 100

na Na Na Na 0 0 Na
Silver total

dissolvedThallium 0001 0001 0001 0001 0001 0001 0001 00005 4 4 100

dissolvedVanadium 001 001 001 001 0005 0005 2 2 100

Na Na Na Na 0 0 Na
Thallium total

na Na Na na 0 0 Na
Vanadium total

dissolvedZinc 0005 001 001 001 0005 001 000438 0005 4 4 100

Na na Na Na 0 0 na
Zinc total

dissolvedUranium 0081 0093 0077 019 011 058 016 0077 058 018443 011 7 0 0

Na Na Na Na 0 0 Na
Uranium suspended

Na Na Na na 0 0 na

Uranium total

Thorium228 dis pCUL
0 0 1 1 100

Thorium230 dis pCUL
0

na

0

na Na na 0 0 Na
Thorium232 dis CiL

0 0 0 00 0 1 1 100
Radium226 dis pCUL 0

0 4 11 4 04 114 59 59 2 0 0
Radium226 susp pCUL

na Na Na na 0 0 Na
Radium226 total pCUL

56 120 56 120 88 88 2 0 0
Gross Alpha dis pCUL

99 55 99 77 77 2 0 0
Gross Beta dis CiL 55

NOTES Mean end median stastlc calculated using onehaft the detecdon limit 72 DL

Results in mgL unless otherwise Horst

not detected M tletection limit shown ND ND numer end peroemonon detects
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TABLE 3T WATER QUALITYIN ALLUVIAL MONITORING WELLS

1998 Y007

MONITORING WELL MW6

5 MV 6 MV B BMNR MNB MV4G MN MWB MNR MV8 MNB MNB MNe MW8 MV6 MKB MN8 MfR MWB MKe MN8 MKB MNb MNb MW6

MWb
891198

MVe
29198 1

MN8 MNB MN8 MN8 MNe MK6

02298 112398 121698 121199 119199 345199

Y1MAB MN
426189 52799 N17x89 72899 911898 1228x90 3501 32801 5101 513707 62D01 725101 82801 11801 1027101 112701 121901 Y27192 3x2602 42102 529102 B27N2 847x2 84402 101292 1127RI2

pN Ytl uruls 72 71 71 77 7 71 74 79 74 94 75 72

WntlucBeeY Nmlwej 311 496 478 474 511 559 544 466 933 238 257 467
350 387 471

ToW Nawketl w8tla 271 298 374 J20 367 377 358 307 885 755 180 317

Total cuspeMetl wlitl4 7 3 9 1 3 8 5 0 593 70 10 10

NaMnaatoW 110 180 1fi0 160 170 180

Carboruk 772 272 222

BNarboneb

ry oixioNea no 38 74 71o
e2 n4 1s2

aiWirwytowi 11o tTO 110 130 1ao Igo 120 100 71n

NBrste Nitrogen 07 04 06 74 13 13 09 06 78 01 05 05

Ammonklotal 0 0 0 0 0 0 0 0 1 1 1
825 784 903

Celtlum tliswketl 7 44 40 4D 41 42 47

Celrium loll 227 416 399
2E 5 281 372

Magrosium tlbsoNetl 10 18 15 15 18 17 170 94 16 18
23 277 344

Sotlium tlbsoNetl 20 34 10 3 39 47 36 12fi 337 284
329 42fi 513

Potaesilpn tlissoked 31 38 29 27 28 25 25 29 39 38
117 140 189

Sullah 52 130 120 120 140 160 150 110 370 30 33 110

Fhroritle IOW 04 04 06 04 04 05 294

CNorke t4 78 17 12 75 74 15 75 16 11 13 15
01 c02 02

auminum tlinlNetl 05 05 05 05 05 05 01
216 346 381

auminum row o001 mmt

ammam tliewNw oa3 003 D11oe 0003 0003 woos 0006 oooe
wmt 0001 oooz

aromam IoW mo3

aaemc tliewNee oDOS mos oos otw3 ooos wttos ooos
oot ao1 oot

AneNC IOW 005 0003 OW3

eaNm tlissoNea os ao3 003 go3 D7

Barium rohl 002 005 003

Bery4um tlissoNetl 0001 0001 0002 0002 0002 0001

Berygwm IOW 0007

Boron IOW

Cadtrtium tliawNStl OOD2 x1102 00002 00002 OOW2 0001

CatlmWm lob 0003

cmamivm tlb9aNea ooos moos oacs ooos goos ooos

cnrpmNm ronl ooos

CyaNM total
001

Coppsr
Copper tliasoNetl 002 p02 0g2 002 002 002 0005 0005 N005

001

0007

0024

0013

0

0077

Copper IoW N03 003

Iran tliawWetl 003 003 003 003 003 003 01
293 801 72

Iron IoW

Iron suepeMetl
kon Ferrous Fe2 29 fi01

Iron Femlc FeN
LaaQ tlissoNetl 00001 005 005 OOD2 0005 AWS 0005

0005 0009 0008

Laatl total A02 0003 0002
001 007 001

Manganese tlka 007 001 001 001 001 001 001
02 02s 027

Manganese total

Mercury tliawNetl 00002 00002 00002 00002 00002
00001 00001 00001

MarourytoW 00002
6 0 108 0 119

0727 0101

Marybtlenum tlias

Mo Etlenum Wal 0112

0098 0127 013 008 019 01 4

NidW tliswNed p02 Og2 004 000 W04 NOt 001

NkkM total 002

Plroaphorous
Seknium dsmNatl 005 005 0005 0005 0005 W01 001 001

Sebnium IOW 005

SINer tliaaoNetl 0005 OWS 01101 00002 00002 001
OOD1 N001 0007

Silver toMl

TM9ium tliswNM

0005

005 005 0001 0007 0001 0001 0001 0007
0001 0001 0001

Venatllpn tliswNetl m005 01105 001 007 001 Ot
WW7 D007 W007

Tlnlium rokl N03

vanaltmtaW oltos

zmc tliaaoNetl oao7 olwe otjoa Daofi oao7 Doaa oot oot Do1
0031 0089 107

Zinc total
0 15 0 78 44 0 3475 00 387 0271 0224 074 0318 0356 0344 11718 06fi6 7O 178 728 0895 703 0878 7

UraNUm tleuwNetl 074 023 029 033 047 047 05 032 046 016

UreNUm swperMetl
Uranium rob

Thorlu1n228 tlis p0i2 0 0 0 0

TOOrium230 tlis pC9L 02 04 0 07

Tlanum232 tlK i1L 0 0 0 0
09 74 17

Ratliwn228 die pCiL 06 03 04 03 72 02 13

Ratlium226 soap pCVLj
Ratlium228 total pCi1LI
Grog aplw ttis pCilL 170 120 150 170 220 74 93

Gross BeW tlk 9L 27 110 130 130 210 86 67

NOTES Mw aM nxe4un Yalbtt rsbJalM usna onaAaatM 4Nac4on brit 12 Ol rW 4abtle4 N ONepwn Bmi seovn ND ND numGr aM pexwnt b non Oelects

Recuts In myL unkcc otlmrv4w m1e9
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TABLE 32 WATER QUALITY IN ALLUVIAL MONITORING WELLS

19982007

MONITORING WELL MW8

MN6 MN8 MKe MsVb MKB MV9 MVW MN6 MN6 MK6 MNb MW8 MW6 MN6 MNB MWB MIN MA MEAN M EDIAN COUNT ND ND

MN8 MN8 MN8 MN6 MV68 MNR MW6 MW9 MN9 MM4 MN6

6301040 93N04 1212901 323A15 62305 9205 11 29105 617106 6206 630N8 40106 82608 921V08 929106 BIJOO6
72 0 003 1Y3103 3411

121d1N1 130N3 228103 3C7I03 32N3 430N3 52103 624x03 73Wp3 924 7 94 753 74

78 12 0 0
FN pd

238 933 4778 9

0 0
Conduc8s4y urMOSi 292 291 388

755 1090

0 59 3

3750

0259

320

5

t9

72 4 33
ToW aeaoNSd ao9tls 7090

110 180 780 765 8 0 0
ToW acpeMed mftls

0 0 0 0 Na
Nardneastau

nabC b 712 712 182429 160 7 0 0
ar o

760 712 124 168
38 170 825 92 1 0 D

Biurbonete
92 182 1207 770 78 0 0

NWinpy DiaaWetl
131

118 102 135
01 18 083 08 12 3 25

Akelinity IoW
0 1 0138 0 71 11 Na

NiOale NAropen
27 784 820 5245 74 0 0

ArrunonbbW
184

885 579 fi75
2y7 418 348 399 3 0 0

Cakiun dls9oNad
4 1708 314 18 1 0 0

CaklumloW
80 9

228 193 228
10 47 282 277 77 1 fi

Ma9rwalum tliasoNatl
23 7

162 139 176
25 Hfi1 36 3b 17 0 0

otllum disaoNed
8 61

14 39 41
30 575 15288 130 79 0 0

Potsaslum dissolved
575 175 89 148

04 05 04 04 8 0 0
Sulfite

rid IFl W 71 3p 18963 16 79 0 0
uo e O

Chbdde 239 26 29 20

0 2 20 p 2 0 2 02 02 02 01 p5 0136 07 22 22 Na

Aluminum tlisaaWatl 02 02 02 02

10

02

72
01 01 381 7T6 01 9 4 44

Aluminum bbl 02 04 02

0010 001W 0 001 0001 0001 0001 0001 0001 0001 0001 0001 003 0002 0001 23 19 83

ArOrnorry dlssoNed 0001 0001

0010 0 001 0 05
005 0001 005 0011705 000075 10 6 8096

00
ANIrraM iobl

0001 0001 0003 005 00086 00025 7 1

00
AnenkdbeaNetl 007 001 001 WW1

0001 005

p 03 0 5

00068

0780

0005

0 03

77

5

17

2

1

40
ArwNCbbl 001

02 0 050 00333 003 3 0 0
Barium dlssoNetl

001 OW20 0001 00005 6 8 100
Batlum btal

BeryOilm tlissoNetl 0001 0001 00005 00005 1 1 700

Berylium tab

WalBoron

0 0

00002 0002 00005 00003

0

8

0

8

Na

10096

cadmbmaiaa4Nea
i

0003 0003

0005 0005

oaols

00025

ooots

OW25

1

8

1

8

toox

100
cadm um lob

CNOmiun aasoNetl OWS 0005 00025 00025 7 1 700

localChromium
007 001 0005 0005 7 7 100

cyeNdoW
Copper aoos m aos p oot om1 0001 om1 oaos ooot ooon

0 0

oao ooz oaosa ooo2s

0

2a

0

7

Ne

copperaaapNea
moos ooos

c0 005

ooos

0050 0005 001
WWt 0001 0017 0008 00025

0 075

9

14

8

14

fil

100
CopperbW

tliawNSOI

0005

003 W03 pp3 003
003

003 01

003 72

0018

237 132 8 1 73
ron

Iron tool 0054 02 013 244
0 0 0 0 Na

suspentlMbon 003 003 003 003 003 pp3 N03 003 003 0075 0015 7 7 700

Iron Ferrous Fa2 p 2 012 243
0054 72 169 243

0025

7

7

7

7

1

10D
Iron Fenk lFe3e

0054 00001 005 00084 0

7 80
Lsatl dissoNStl

ooso o oos ooos oos
0002 005 000615 0003 77

27 20 9s
Lead toW ooos

o ot om 001 001 001 opt oot 001 mot pat op1 001 oaosz oaos

0 07 8 3 38
Marl9aneaeaa

om
002 001 012

001 001 028

I

0173

00010 00010 5 8 100
Man9arroee tab 001 00002 OOW

6 B9
Maratty dimNatl

0 0001 00007 00001 0001
00001 0001 000011

73

000005

1W50

9

22 0 0
MerOUy toW

OOWt
0052 0039 0018 0078 0035 0173 0771 01 0017 0084 0035 019 0086

e ofito z 7 sox
Molybdenum dies

0071 ot ot x112 oo 1

7 tpo
M hdemanwbl mo1 wo 00129 oot

Nkw6aiaoNea
moz moz o01 001 7 1 toox

Nkkal IoW
0 0 0 0 Na

F4weplroroua
W005 005 00081 0005 8 8 100

Beknlun dksdved 005 NOS 0025 0025 1 7 ipo

bblSsbrwnn
00002 p01 00078 00015 6 8 700

Silver tliafoNed 0 001 0 001 001 001
0007 001 000772 00005 9 9 700

SiNar tool
0001

0 1101 0 001 0001 0001 0007 0001 0001 0001 0001 0001 0001 0001 005 0003 00W5 23 23

8

100

100
Thalium dlaaoNetl

0001 0005 007 00042 OWS 6

vanadbmaNaoNea 0 001 0 007 0007 01 mop1 opat 01 ooose oooos 1p to 100

Thalium wbl
OODt 0005 0005 00025 00025 7 1 100

lotalVanedium
0008 001 OOOP 0008 9 1 11

Zirw acsoNad 0 02s 0 017 004
0017 0712 0052 001 7 0 0

M WN
0112

614434 04 1 9 02 77 Sfi2O 0532 0386 081 087 0583 0797 0484 128 728 0504 OM 137 p14 223 08073 0674 59 0 0

UroNUm dksoNed 15 737 73 118 75 223 7 4 71 0 0 0 0 Na

Uranwm wapsndetl 709 109 108 709 109 1 0 0

toolUrortium
0 0 0 0 4 4 100

disIPCIThorium228
0 04 0175 015 0 1 25

Thadum430 did pCVLi 0 D 000 0 4 4 100

Thorium232 aa yL
2 02 1 02 72 149 095 74 0 0

Reaum228 did pC9L 34 0 0 0 0 Na

Raaun228 ausP PCyU 0 0 0 0 Na

wW pc9UReaum228 74 220 7424 750 7 0 0

Grog Alpha da P00U 27 21 0 1174 11 0 7 0 0

Gross Bab dN CiL
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TABLE 32 WATER QUALITYIN ALLUVIAL MONITORING WELLS

1998 2007

MONITORING WELL MW7

MVJ7 MVd7 MW7 MW7 MW7 MWI MWI MN MN7 MYY7 MW MW MW7 MY7 MWI MWJ MVJ MW NIWI MV7 MWI MN7 MW7 MWI MN7 M1V7 MW7 MWI MVl1 MW7 MVVI MVA MYJ7 MW7 M7M MWI MW7 MW7

8rd198 92998 1 022A8 172198 1211698 1M99 Zt999 32699 11699 527 fV1799 72899 iNtS89 1228IOD 1 N28100 2191 3501 35101 32810 57101 53101 620101 72501 828M1 B1B01 102501 112b01 1219101 1lrir02 12702 32802 42302 52892 62702 827N2 824102 924102 10m02

pN aro un8s 78 74 73 77 71 71 71 78 82 74 77 73 75 78

Conduaivay umhoe 312 442 470 473 505 548 SSfi 525 631 306 276 419 453 560
45 557

Tow tlissoNad solitls 2W 258 314 321 383 351 350 335 402 795 182 272 264 348 202 183 222 212 253 232 172 175 212 349 407 726 886 384 442 1

Taw cueperAed witla 116 125 893 315 868 781 40 1 2 10 10 435 175 10

Rera9esewa 100 tso 160 W no teo

camanab

Bktrbomte

10

84

to

87 81 99 708 115 110 107 909 809 815 98 126 137 135 739 750 157 152

Akaliney DisrNee 95 87 et 120
03 113 117 114 123 729 125

AFalinBy law 110 98 84 110 110 410 100 100 95 84 87 67 81 89 95 253 83 75 72 75 81 1

Nitrate Npro9en 07 OA 08 09 13 17 74 13 09 wt 05 05 05

Ammonk row

Cakium diesoNad 27

0

M

0 0

41 40

0 0

43 45

0

51

0 0 t 1 7

35 424 479 282 312 343 39 40 306 331 306 418 59 698 723 104 638 62 779 777

Cekium total 239 383 381
8 13 7 13 7410 7 11 11 1 77 8 411 fi 73 9 21 24 8 448 402 23 278 273 263

MaBnealum diemNetl 81 13 73 13 15 i6 75 85 131 733 17

5

766 188

72 29 7 4 A Z15 18 5 1977 17 7 16 8 78 77 8 24 3 282 427 446 Z7 359 442 44
Sodllan assoNad 24 32 36 36 37 43

2 7 2 6

38

2 6

274

2 3

309 295

3 1 3 2 1 8 3 272 23 28 27 28 28 21 21 21 23 212 337 52 467 387 362 418 043
Paesaum tliseoNeO

SWwa

27

43

31

98

3 26

110 110 140 150 140 130 1 W 39 29 88 110 114 121 130 544 419 525 51 87 43 408 478 708 140 162 348 311 141 147 202 223

Fbontle tow 05 05 05 04 45 04
22 23 4 37 1 32 3 30 288 24 6 2820 35 29 8 28 33 2 34 5 335 528 772 379 333 328 579

Chlodtle 14 20 17 79 18 15 79 78 36 15 14 16

2 0 20 1 01 0 1 0 10 1 0 w 01 tw w1 01 01 02 01 02 02 02 w2 02
auminum tliswNatl 05 05 05 05 05 w5 01 w2

39 00 1 0 015 0 17 0 OA1 0 1 w 1 0 019 0 023 w2 02 w2 02 176 721 w1
AkmtrNmtabl

tliasoWetlAreimorry 003 003 0008 w003 0003 0008 0008 OODB w001 0001 0001 005 0001 005 005 005 005 005 w05 0001 OOD1 0001 0001 0001 0001 0007 w001 0001

Amimoryrobl oa3
oos ooot om17 wos oas oos wos wos woo1 woD1 omt waD1 0001 0001 wao1 woDt oao1

Arsertie dkaoNed w005 005 005 w003 0005 c0005 0005 w001 w007 w001
0 0 07 w 01 010

Arsenic toW w05 0003 0003 0001 0001 0007 0001 0001 0001 0007 0001 001 w01 001 w01 001 0 1

BarNmdNSONed 05 005 005 004 wt

Barkmtobl 003 002 005

Beryaum tliaeavetl 0001 w001 0002 0002 0002 0001

BeryOiumlobl w001

Boronlaal

carmam aieeoNed oDOZ oaoz ooooz DODOZ oaaoz o1w1

Gdmium rob w003

CNOmlum tlksoNetl D005 0005 w005 0005 0005 0005
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TABLE 72 WATER QUALITY IN ALLUVIAL MONITORING WELLS

1998 2007

MONITORING WELL MW7
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TABLE 3T WATER QUALITYIN ALLUVIAL MONITORING WELLS

19982007

MONITORING WELL MW9
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TABLE 3T WATER QUALITY IN ALLUVIAL MONITORING WELLS

1998 7007

MONITORING WELL MW9
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Schwartzwalder Mine Hydrologic Evaluation ofMine Closure and Reclamation 115

73 Sump Water Quality

Water in the alluvium was intercepted by four collector trenches and sumps Figure 10 that operated from

1990 to June 2002 Section 423 During operations water in the sumps contained moderate levels of

TDS 300 935 mgL and few dissolved metals with the exception of zinc molybdenum and uranium

Table 30 Sulfate bicarbonate calcium sodium and magnesium were the primary components of TDS

in the sump water

Compared to samples from alluvial monitoring wells the sump water generally contained 50 100 more

dissolved solids and higher concentrations of molybdenum uranium and zinc Water quality in the sumps

was nearly indistinguishable from water quality in well MW6 which had a slightly lower TDS and

comparable concentrations of molybdenum uranium and zinc

Water quality in the sumps has generally improved since the sumps were shut down TDS concentrations

in Sump decreased from 935 mgL in May 2003 to 417 in March 2005 while zinc concentrations declined

from0232 mgL to0045 mgL over the same period

Uranium in water samples collected from the sumps since 1998 are shown in Table 31 The trends of

uranium concentrations in the sumps is somewhat similar to the trends in Ralston Creek Section 652

although the sumps are much less affected by seasonality After the sumps were turned off in June 2002

uranium concentrations in Sump 1 increased due to a first flush of water through the alluvium

Concentrations in the sumps have generally declined since that initial flush Figure 39 Average annual

uranium concentrations in Sump 1 declined from 138 mgL in 2003 to 089 mgL in 2004 and 074 mgL in

2007

The sumps are slated for removal in accordance with the Mine Reclamation Plan

74 Seep Water Quality

Although numerous seeps exist below mine property along the access road where groundwater surfaces at

the contact between the alluvium and underlying bedrock longterm monitoring of these natural seeps has

not been conducted On mine property seeps were somewhat limited while the sumps were in operation

Two historical seeps on mine property included the Parking Lot Seep and the Sump 3 Seep

Water quality was monitored in the Parking Lot Seep from January 1998 to August 2001 Uranium

concentrations were very consistent and averaged 0026 mgL with minor variation throughout the

monitoring period Table 31 The seep was removed in 2001 when the emergency storage ponds were

reclaimed and the area was regraded

The Sump 3 Seep existed near MW9 and Sump 3 Here water emanated from a low point in the fill

during the wet season Since the sumps were shut down water levels have risen in the alluvium and fill

The seep is still in existence and was sampled for uranium on August 8 2007 The sample labeled as

SchwartSpring had a dissolved uranium concentration of0301 mgL which is about half the concentration

measured at Sump 1 in fall September 2007 0675 mgL and 60 higher than the concentration

measured in Sump 3 in spring May 2007 0185 mgL These results indicate that the water emanating

from the Sump 3 Seep is not identical to the water in the nearby sump although it may be related to the

French Drain system previously installed at Sump 3

4109B071116
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Table 30 Water Quality in the Sumps

Parameter Sump 1 Sump 1 Sump 1 Sump 1 Sump 2 Sump 3 Sump 4 Sump 4 Sump 4 Sump 4

111599 52103 121603 32205 111599 111599 111599 112503 32205 121606

Conductivity Mhos 671 535 752 463

Total diss solids mgL 410 935 424 417 340 510 300 236 252

Total susp solids mgL 4 4 ul 4

total mgLHardness 227 201 336 188

Bicarbonate mgL 171 130 144 96 102

Alkalini total m 102 141 130 118 100 114 96 96 84

Nitrate Nitrogen mgL 05 07 15 09

total mgLAmmonia 029 002 002 002

Calcium diss mgL 146 78 793 44

43 1
total mgLCalcium 554 49 845 486

diss mgLSodium 548 261 20 173 391 398 275 8 123

diss mPotassium 46 929 26 61 33 36 3 39 33

Sulfate mgL 150 451 150 174 139 268 110 37 59

Fluoride mgL 06 06 06 04

Chloride mgL 52

0

212

20

36

20

34

20

153

040

16

003

123

003

32

02 02 02
Aluminum diss mgL 0 3

0 2 0 1
Aluminum total mgL

Li 0050

02

0010

02

0 001

04

0001 0006 0005 0005 0001 0001 0001
ss mAntimon d

Antimony total mgL 0001 0001 0002 0001 0001

diss mgLArsenic 0005 0005 0005 0005

total mgLArsenic 001 001 00 001 001

diss mgLBarium 0042 0037 0038 0046

Beryllium diss mgL 0001 0001 0001 0001

Boron total m L 007 007 007 005

diss mgLCadmium 0001 0001 0001 0001

Chromium diss mgL 0005 0005 0005 0005

Cyanide total mgL
diss mgLCopper

001

0005 0005 0005 0005

001

0005

001

0005

001

0005 0005 0005 0001

total mgLCopper 0005 0005 0005 0005 0005

diss mIron 003 003 005 003 006 003 003 014 003

Iron total mgL 0045 005 131 003 047

003
Iron Ferrous Fe2 460

Ferric Fe3 mgLIron 0045 13

diss mgLLead 0005 0005 0005 0005

total mgLLead 0005 0005 0005 0005 0005

diss m LMa esium 215 564 26 31 191 303 162 12 136

diss mgLManganese 009 002 001 001 001 032 001 001 002 00

Manganese total mgL 002 002 005 001 002

diss mgLMercury 00002 00002 00002 00002

total mgLMercury 00001 00001 00001 00001 00001

Molybdenum diss ng 0119 0067 0057 0081 012 0073 0059 0024 0015 0015

Nickel diss m 001 001 001 001

Selenium diss mgL 0 O l 001 001 001

diss mgLSilver 00002 00002 00002 00002

Silver total mgL
010

0001

0010

0001

0010

001

000 001 001 001

0001

0001

001

0001 0001
Thallium diss mgL
Vanadium diss mgL 001 001 001 001

0010 0 001
Thallium total m 0001 0001 0001

Zinc diss mgL 003 003 002 001

0130 010
Zinc total mgL 0232 0066 0045

110 09620 09880
Uranium diss mgL 162 074 0873

00050
Uranium suspendedmgL 0004

0 7 0 3
Radium226 diss pCiL 149 63 48

10
Radium226 susp oCiLl 05

Note See Table 31 for additional uranium analyses for water samples collected from the sumps 1990 2007
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Table 31 Uranium Concentrations in Sumps and Seep 1998 2007

22498 04200 22498 03500 22498 03600 22498 00980 22498 00202

32698 08400 32698 06000 32698 08300 32698 02900 32698

42998 34000 42998 28000 42998 21000 42998 12000 42998

52898 04700 52898 12000 52898 11000 52898 02700 52898

62998 01700 62998 03500 62998 05000 62998 01600 62998 00244

73098 02200 73098 02900 73098 06000 73098 02100 73098 00263

83198 01400 83198 02200 83198 04000 83198 01500 83198 00210

93098 01800 93098 02900 93098 03600 93098 01400 93098 01200

102898 02600 102898 03100 102898 03400 102898 01200 102898 00275

112598 02300 112598 03500 112598 04500 112598 01100 112598 00281

121798 02400 121798 03400 121798 03700 121798 01100 121798 00257

12699 03100 2699 03800 12699 03400 12699 01100 12699 00244

22599 00360 22599 03900 22599 00332 22599 01000 22599 00255

32499 03300 32499 03400 32499 03000 32499 01200 32499 00169

42999 00058 42999 11000 42999 09000 42999 02900 42999

52899 02800 52899 03300 52899 00006 52899 01800 52899

62399 02000 62399 02800 62399 04000 62399 02100 62399 00160

72799 03000 72799 03200 72799 03900 72799 01400 72799 00260

83199 03700 83199 11000 83199 08200 83199 02600 83199 00380

92999 07500 92999 04600 92999 04800 92999 02100 92999 00380

102999 03500 102999 04400 102999 04700 102999 01400 102999 00316

113099 03300 113099 03600 113099 04300 113099 01200 113099 00317

122299 03500 122299 03900 122299 04500 122299 00344 122299 00002

12700 05400 12700 04300 12700 04700 12700 01400 12700 00300

22400 03700 22400 03000 22400 03200 22400 01000 22400 00239

329100 04500 32900 00340 32900 03700 32900 01200 32900 00228

62900 02700 62900 00040 62900 03200 62900 01200 53100

92900 04800 62900 00040 B3l00 00042 92900 01400 62900 00265

II700 04900 92900 02600 92900 03500 11700 01300 72700

121900 04500 11700 04100 112800 02500 121900 01400 83100

3101 08200 121900 04500 121900 02600 3101 01000 92900 00225

32801 06800 3101 02900 13001 02700 32801 01100 11700 00220

5301 04870 32801 02400 3101 02200 5301 00441 121900 00250

52901 05390 5301 01790 32801 01100 52901 02050 3101 00230

62101 03080 52901 11300 5301 00800 62101 01540 32801 00220

71101 03550 6210 02250 52901 02100 7I IOl 01420 5301 00321

82301 02890 71101 02060 62001 01540 82301 02080 52901 00068

91701 03270 82301 01410 71101 01660 91701 00640 62101 OOllS

102401 02420 9507 268 32807 01850 102401 00695 71101 00120

121801 02610 121801 00719 82301 00193

2202 03600 2202 00597 Removed

22602 101 22602 00886

52902 09820 32802 02330

62502 04900 42402 02530

92402 14000 52902 01570

92402 15200 62502 00853

123102 21300 82702 00802

123102 27000 92402 01600

13003 16200 92402 01660

22603 21500 103102 01190

32603 19600 112202 01010

32603 21000 123102 03230

42903 20000 123102 03600

52103 16200 3003 02670

62303 12000 22703 02140

72903 06500 22703 02300

92603 12000 32703 02350

112503 08000 32603 01100

121603 07250 42903 02000

22504 06100 52103 01500

33004 07170 62303 02000

42804 09740 72903 06700

72804 07990 92603 01700

83004 10000 112503 01030

10104 05720 33004 00795

102904 07650 42804 01210

113004 10600 81504 OI03

122904 05450 72804 01180

12505 09010 83004 01170

22805 08240 93004 00782

32205 08730 102904 00655

42105 12000 113004 00796

53105 08560 122904 01140

62205 07680 I25OS 01230

83005 07240 22805 00873

93005 08240 32205 00962

102605 11000 42105 00898

113005 08620 53105 01510

123105 05790 62205 01740

13106 05680 83005 01100

22706 04910 92805 01910

9607 0675 102605 02090

113005 01140

123105 00722
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75 Shallow Bedrock Water Quality

Two monitoring wells were installed in the shallow bedrock on the hillside above the mine MW 10 and

MW1l Section 411 Both wells are located far above the mine Figure 5 in bedrock undisturbed by

mining and represent background bedrock water quality MW10 could not be sampled due to poor

completion MW 11 was sampled ten times between February 1999 and July 2001 Results indicate that

groundwater in the shallow bedrock is calciumbicarbonate19 type water with low to moderate dissolved

solids and nearneutral to slightly basic pH Table 32 Dissolved uranium averaged 029 mgL with a

median value of0033 mgL Molybdenum was below detection

Table 32 Water Quality in Shallow Bedrock

MWII MWiI MWII MWil MWII MWiI MIN MAX MEAN MEDIAN COUNT ND

21799 312599 42199 52599 1201 1201 ND

pH 82 74 79 73 73 82 770 765 4 0 0

Conductivity 259 234 348 197 197 348 2595 2465 4 0 0

Total diss solids 199 164 340 121 121 340 2060 1815 4 0 0

Total suspsolids 351 120 507 647 351 120 67625 577 4 0 0

Carbonate l0 10 IO 5 5 I 1 100

Bicarbonate 51 51 51 510 51 1 0 0

Alkalinity Diss 69 100 69 100 845 845 2 0 0

Alkalinity total 110 69 51 51 110 767 69 3 0 0

Nitrate Nitrogen 04 01 l 01 l 048 04 3 I 33

Ammonia total 0 0 l 0 1 0167 0 3 3 100

Calcium diss 55 55 55 55 55 l 0 0

Magnesium diss 38 38 38 38 38 1 0 0

Sodium diss 14 14 14 140 14 1 0 0

Potassium diss 04 04 04 040 04 I 0 0

Sulfate 36 37 88 50 36 88 528 435 4 0 0

Fluoride total 02 02 02 0200 02 l 0 0

Chloride 5 5 5 5 5 5 50 5 4 0 0

Aluminum diss 04 04 04 0400 04 1 0 0

Antimony diss 0003 0001 0001 0003 0001 0001 2 2 100

Arsenic diss 0003 0003 0003 00015 00015 I I 100

Barium diss 002 002 002 OOIO 001 l I 100

Beryllium diss 0002 0002 0002 0001 0001 1 1 100

Cadmium diss 00002 00002 00002 00001 00001 1 I 100

Chromium diss 0005 0005 0005 00025 00025 I 1 100

Copper 0005 0005 0005 0005 0005 1 0 0

Iron diss 02 02 02 0200 02 I 0 0

Lead diss 0002 0002 0002 00010 0001 1 1 100

Manganese diss 001 001 001 0005 0005 1 1 100

Merc diss 00002 00002 00002 O000I 00001 I I 100

Molybdenum diss 001 0005 0005 001 0004 000375 2 2 100

Nickel diss 004 004 004 0020 002 1 I 100

Selenium diss 0005 0005 0005 0003 00025 1 1 100

Silver diss 00002 00002 00002 00001 00001 1 l 100

Thallium diss 0001 0001 0001 0001 00005 00005 2 2 100

Vanadium diss 001 001 001 0005 0005 1 1 100

Radium226 diss l8 18 18 180 18 l 0 0

Radium226 susp
I 1 1 1 1 l 0 0

Uranium susp
0004 0004 0004 0004 0004 1 0 0

Uranium total 00017 00017 00017 00017 00017 l 0 0

21799 32599 42199 52599 1201 1201

Uranium diss 0019 00625 0047 263 0008

250l 3501 53 l01 62001 72501

0007 0057 00013 00101 0055 00013 263 0290 0033 l0 0 0

Notes All results in mgL except conductivity mhoscm and pH standard units
Mean and median statistic calculated using one half the detection limitl2DL

19
At pH less than 8 bicazbonate can be calculated from total alkalinity using the relationship HC03 TAIk08202 Hem 1985
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76 Underground Mine Water Quality

The chemistry of groundwater entering the mine is known from samples collected from seeps drips and

flows occurring from coreholes faults and bulkheads in the underground workings Figure 5 These

samples are affected to varying degrees by chemical loading from contact with wall rocks and minerals

exposed to oxidizing conditions within the mine and are not necessarily representative of the background

quality of bedrock groundwater20 They do however provide insight to the variability of water quality
from different underground levels rock types and structures within the mine The number of samples
collected at each location within the underground workings is listed in Table 27 Sampling locations are

described in Table 33 Locations above the Steve level are grouped as shallow mine while those at or

below the 700 level are included in deep mineanalysis Samples collected after the water level in the

mine had submerged many of the deep mine locations are discussed separately as reflooded mine water

Quarterly samples were collected from most underground stations during 1998 and 1999 Sampling

stations located in the Minnesota and Steve levels were generally dry except in the spring and therefore

only one sample was collected from each of the upper stations WASH CO ILLRS 146 and MINK in

May 1999

Seasonal variation in flow rate is evident in the lack of water at sample stations in the upper levels during
the summer fall and winter months The rates of groundwater inflow to the mine Section 521 also

show a seasonal variation However no significant seasonal variation in flow or chemistry at the deeper

underground sampling stations is evident

20
Samples from coreholes drilled into virgin rock may be considered representative of bedrock water quality peripheral to the

mine These samples include 7J2 15B13 19D15Fe 19D15Mn and 19D16
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Table 33 Locations of Underground Water Quality Samples

Station Name Mine Level Northing Easting Elevation Description

MILAN i
Minnesota

7321480 20614360 68320 Minnesota level near Glory Hole
I Level I

Wash Steve Level 7324060 20616240 66080 Steve level seeps from Washington chutes

CO Steve Level 7321440 20614430 66000 Steve level Colorado drift bulkhead

Steve level seeps from boards in Illinois
ILLRS Steve Level 7322800 20615510 66090

raise

Steve Adit Steve Level i
I I

7322800 I
I
20615510 i

I
66090

Steve level seeps from boards in Illinois

I raise assumed location
146 Steve Level 7320780 20613990 66010 Steve level pond behind air regulator
2Adit na 7333530 20611110 66010 Pool behind berm

2A na 7333680 20610010 65730 Rt heading in decline below intersection

700ILL 700 732435020613230 58710 Fracture along Illinois Fault

779 700 731980020599530 58660 Pool composite sample from pool
7J2 700 7319747 20599267 58876 Corehole intermittent flow driplow flow

1108 1100 2283073 20612630 54590 Bulkhead composite
i5B 1500 732223020610010 50400 Bulkhead composite
15B13 1500 732252220609962 50436 Corehole at drill station 15B

16G 1600 7320380 20596810 49500 Corehole flowing through muck Feppt
1730 1700 731698020601080 48510 Leyner hole

19D15Fe 1900 2937316 20607707 46135 Corehole at drill station 19D Fe staining

19D16Mn 1900 7316287 20607717 46130 Corehole at drill station 19D Mn staining
19C 16 1900 7317427 20603707 46074 Corehole at drill station 16C

1955 Decline 1955 3154807 20605880 46050 Standing water

JOS2026 2000 7316150T T

20602060 46120 Stope water Johnson Ore Shoot

RMW na na na na Raw mine water

RMWS na
u

na na na Raw mine water plus sumps

UGM na na na na Bottle roll on underground lowgrade muck

Note Northing and Basting given in State Plane coordinates elevation is NAD 27

761 Deep Mine Water

The chemistry of water in the underground mine varied with location during operation Water flowing into

the mine along discrete structures eg the Johnson Ore Shoot the Illinois Fault or the West Rogers Fault
and at different levels was observed to have different chemical characteristics Table 34 In general water

seeping into the deeper levels of the mine was swellbuffered magnesiumcalciumsulfate calcium

sodiumsulfate or sodiumsulfate type Figure 40 with moderate to high dissolved solids 507 to 6990

mgL and alkaline pH 75 to 9 Concentrations of sulfate 460 mgL median concentration gross alpha
radiation3000 pCiL median concentration and gross beta radiation 450 pCiL median concentration in

deep mine water generally exceeded their respective groundwater standards of 250 mgL 15 pCiL and 8

pCiL The trace metal content of the water was variable with some locations showing elevated uranium

up to 180 mgL and molybdenum up to 4 mgL concentrations The highest uranium and molybdenum
concentrations were observed on the 700 level and were associated with standing pools 779 or fractures

along the Illinois fault 700I11 Water from the deeper workings also displayed sporadic concentrations of

nitrate 40 mgL maximum antimony0151 mgL maximum iron 13 mgL maximum and manganese

034 mgL maximum which exceeded groundwater standards

4109B071116 WhetstoneAssociates



Schwartzwalder tiline f lydrologic Evaluation of Kline Closure and Reclamation I

O O
C G

Total Dissolved Solids

Parts Per Million yJ

o

Mg

fl

as

p
v0

G

3

F 2

v3o p

p
t la

Gi
n d0

P

G 90

iocoar
asm

o
t

tootsr

tKosoe
v

5pcyr

adtsrn

o

ooauwl
seu

S04
ry0

CJ eau

O 2 ry ossoj
Q tQ aeer f

n

sen

Q
po

00

Um

aou

Jt7

t 10

14013

14Q

t30

ol4Ft

uoaMtt

txt

rt

j G

d
m

y0

ao

tootqut
14lt3

Ca eo so ao zo NaK HC03C03 zo eo so so CICalaum Ca Chloride CI
CATIONS 6meqI ANIONS

Figure 40 Piper Diagram Showing Major lon Composition of Deep Mine Water Samples
Averaged by Location

Whetstone Associates



TABLE 34 WATER QUALITY AT UNDERGROUND SAMPLING STATIONS IN THE LOWER MINE LEVELS

1108 IIOtl 1108 46 13813 15613 15613 156ll Ib l6G IbG Ibl I6G 1710 1730 1730 1730 1730 19D15Fe 19D15Fe

Paramsler 7001LL 7001LL OOILL 7001LL 7001LL 7001LL 779 779 779 779 7 9 7d2 7J2 1108 1108

1 598 322FN 621199 91998 II12I9A 12ISNA 32299 6f2J199 9998 I Ill L98 I L1498 3123199 N2399 RI2098 92198 1214N8 3 12399 68399 8I21V98 9898

9i9Ne I III2NR 12ISNB 11249Y 617199 612399 W20198 81INA 121698 2399 N2199 82QN8 83698 99198 IIIINB 12 1

R 9 7 8 R 1 8 1 R 3 8Y B 83 9 R2 R2 8 9 83 9 86

pfl Std Uniss 81 83 8 7R 82 79 RI 75 9 A 81 82 A5 9

0

82

1050

R1

IOW

Rd

1230 IJ30 IJ3D 1400 1440 IJSO 1350 1380 14W 1520 ISGO 1170 1150 13W 1680 1410 1160 IJ50

Cunductisity specilic uSlcm 5391 SI50 J3W 3A2U SSIO 1010 IOW 990 9JG 1W 9J4 851 12911

20

111

848 53 706 922 987 864 946 944 96fi 1040 1060 1040 1150 1210 876 898 1000 1360 1110 1010 1050

Toml diaaolad mlidalmglL 6810 5960 5120 7920 6990 772 756 67 G92 ISW 668 604 10

6 6 10 1 d 8 6 10 4 5 371 0 10 6 1 5 3 10 142 1

Totd suspended wliJs mL 3310 308 209 176 ID 14Y I 3 IS IU 797 1 2

7W 30 140 710

Alldinity Dissuked mg4 3W S20 26D 350
290 290 940 380 590 190 IW 180 10 380 270 320 280 3W 320

Alkalinity rowlm L 3W 330 270 220 240 310 50 100 260 310 W

IGO 120 110 4W d2U 420 bW SW 710 320 320

HoNscas wmlmL 37W 37W l3W 530 4U IWU 33W 4W 630 550 520
1 0 0 I 0 0 0 I 0 2 I

Ammonia wmlmL tt 0 0 I 0 0 I 0 0

1 3

0

0 8

I

8 5 O I 04 0 1 0 1 05 pl 04 D1 c01 05 2 29 17 23 20 01 07

Nitmw Nilmgen OngL 36 25 6 08 40 39 22 01 01 U5 01 01 29 3

IW 39 33 30 30 IIU 120 120 SO 92 91 IIU 120 83 82

Colmum dissolved mgL d50 640 SZU 5G0 95 85 IW 150 90 A3 ri 97 91

3 270 280 290 280 130 150 150 180 36 3G 37 39 120 210

Sorhum dissrlved m IL 7R 67 W 66 20 IR IS 29 2J 22 JA JO 37 J

85 6 2 fi l 6 5 93 39 4 43 65 8 81 91 99 93

Pomsimv dissolved mglL 26 36 24 28 65 59 6 91 51 46 61 57 5 58

390 390 340 lS0 l50 750 550 560 590 640 6G0 3R0 380 440 G40 470 440 640

Sulfam mL dIW 3800 32W 2W0 43W 350 25U 20 2511 620 260 210 J7U 350 310 20

2 30 50 26 35 2J 2R 2J 24 27 29 S G 5 8 6 26 23

ChloridemL 23 50 26 28 23 8 G 5 4 5 5 10 IO 10 10 1

4 3 53 54 08 OR 09 01 02 08

FluaridemWUnL Ib 06 05 01 02 02 04 04 04
0 5 0 3 OS U5 05 05 O 05 05

Aluminum disnlved m 7 05 05 y5 U5 03 05 05 05 05 05 05

1 0008 0006 0WS 0006 W0

Avtimovv dissolved mglL 0032 0015 0151 OWR 00 6

003 0014 003 001 003 00 x03

Antimony mlalmL 00 018 016 D0 00 D3

W3 0004 OW2 OW3 0016 0019 OW7 OWS

Anmic dlssulveJ mg l UWI 0W3 0016 0018 0005 OWI OWI 0

0IA11 4 05 OOIG 005 0005 005 4103 0022 005 005

Arsarc tan mglL 05 OOOG OW 005 0028 005 005 005

0 5 002 05 OOl 05 D5 05 5

Barium dissohad On IL 05 002 05 05 05 c05 05 002

002 U 02 003 003 001 OP1 OU4 007 007

Barium wml mgL 01 002 U0 1107 OUS 004 004 OD2 0U2

1 0 002 O W2 0W2 0W2 OW2

Beqllium diswlved mgL 001 OOW IIW2 OW2 01X 2
0 001 OWI OWI OWI OWI OWI

BcpiliumwmlmgL 001 OW2 OW2 0W1 NWI OWI

Burin totalmL
00002 4Og12 0100J OOW2 00001 0OW2 011004 01gW

Wl O W3
Cadmium dissuldmL OW23 OMXW

O W3 0W3 DDD WIO 0W2 0002 OW2 0W3 OWI

CedmiummmlUnL 002
WS O WS 0D05 0WS OWS 0WS 0WS OWS

WS
Chromium diawlsxd mL OWS 4WS U

S OWS 0WS 0WS OWS UWS OWS OWS O

Chromium wmlmgL 005 IWS 0WS 0W

002 002 0 04 41 02 N 02 002 002 X02 002 002 002 p02 p02 002 OOI 002 0@

Copper dissokcd nsL 002 002 002 005 003 002 002 OOS 002 002 002

3 UDJ 030 p 03 0 03 003 03 003 p03 007 X07 17 004

Iron dissolved m OD3 x03 x103 03 x03 003 OOI 003 003 JI0

O WI U W2 000112 0W2 OW12 00005 OW18 OWI

Lead diswlvcdmL OWI OW2 OW I7 OWI9 U000R OWOJ OlN13J OW2

0002 0 05 0W2 005 OW3 002 003 OW2 002 002

Lead wul Ong7 Ot OW2 004 004 0001 002 002 005

I 9G H 9 A 5 04 30 30 30 72 91 A3 IW 110 19 29

Magnesium dissolved mL 610 510 4W 690 70 62 IW IRU 59 46 93 G

0 002 001 002 0112 001 002 003 003 OW 001 OOI 002 OOI 008 OW

Maneanex dissolved mgL 001 001 001 001 074 023 009 4101 ool O 01 OU2 P01 0 1

0002 O W02 0 0002 OOW2 NOW2 00002

Mertvrv dissdved lm L 00002 OOW2 0W02 000e12 0

UOW2 UOW2 4OW2 OOW2 410002 OOOD2

Mcrwrv turd mgL OOW2 OOW2 ODW2 OWU2 0WU2 0WU2

0119 003 002 002 002 321

Mulbdwum dissolved mgL 208 113 J 009

0 028 0014 157 152 0048 0051

MolylMevuns kxal mL 705 115 30 002Y 0022 0132

004 D W U04 U 04 OOd OW 0U

NickI Jiswlved mgL 004 OU1 007
0 02 002 002 002 002 X02

NiclA wml m L 02 II OA 007 4102 002 003

0WS OWS 0WS OWS 0WS OWS OWS

SNmium disrdved mgL 0WS 0WS 0WS

0 5 005 005 005 005 OS p05

Selenium wtd mgll 05 003 US 005 005 0

0 W1 II11001 O WI O WOJ 0001 OOWJ UOOW

Rilcm diswked mL 0WI OOIXW OW02
WS O W9 0WS 0WS OOII 0011 0006 OWS

Sikes tool mgrL 015 0025 0023 OWS N

0001 0WI OWI OWI OWI D001 0002

Thallium diswlved m L OWl OWI OWI

D 13 005 005 UOS OU3 003 x03 003

Thallium wwl mgL 05 003 007 4OJ 1

001 001 001 001 N01 001 001

Vanadium disnlsedmg L 001 001 001
005 0 WS OWS x1005 4IW5 X005 0WS

Vanadum wmlmL 005 OWS 4WS DWS OWS 4

OWS 0031 0W0 OWS 0W5 0005 OWS OWS 0021 0021 0022 OW3 0WS

ZivcdusolvedmL 0238 0329 0309 0327 024J 001 OOIG 0016 OOJJ

5 2 4 2 7 1 O SG 0 59 00118 00047 00112 0025 0018 0046 0039 0015 98 95 12 24 IS 5 56

IJnnmm dlasdssd iL 150 110 A3 49 180 20 60 14 11 2 OA 06 88
0

ThoriumZ2R Jissoked iL 01 05 U 02 U 0 0

D 0 1 03 01 06 0 09 06

Thorium230dissolved pCilL 15 Y 07 SSG 04 01
0 0 0 06 0 OS 0

Thorium332 slixsohed pCiI 0 06 0 06 0 0 0

IA4 17 1 146 IS 115 3 2 41 537 507 W8 I6 7

Radium226 JissolveJ pCL 124 IR7 139 453 3J1 440 487 45 201

31W 20W W 30 I 3R 22 41 13000 SSW GSW

Gross Alpha dissolved pCiL 900W 22W0 J20W 11180 89W 650 IIXXID

IAO 26W 2000 160 310 6 27 IS 39 17W 63W 180

Gross Bem dissohed iI 3401X1 Sip00 46000 IR00 7900 130

NOTES higinal lab dam m Smuun 1052026 un 121198 reported TDS as 12 mglL Value xaz croscrted w 11W mgL based un ratio ofIDS so SC in J other sample

Mean and median smustic eslvlmed using me halfderGon limit12 DL
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TABLE 34 WATER QUALITY AT UNDERGROUND SAMPLING STATIONS IN THE LOWER MINE LEVELS

ParameMr 19U154Fe 19D15Fe I9U15Fe 19U16hW 1YU165ha 19U1651n 190165W 19DI6Mv IYCIb IYCIb 19Clb l9CIb J0R2026 JOti2026 JOSZ026 JOS2026 JOS2026 1955 Decline 1955 Decline 1955 Decline 1955 DnBne MIN MAX MEAN MEDIAN COUNT ND ND

121149tl L2399 62199 812098 92198 12149A 3x2399 612199 II1 L98 1211498 12699 62199 8x2098 A798 121498 3122199 62199 11119tl 1211498 312399 62 L99

pN Sld UniU 79 79 R3 B1 A7 8 8 B1 R5 77 7R R R4 9 81 SJ 8A 7ri 78 83 75 9 813 810 SS 0 m

Cunduc4rity specilic uScm 18RD 140 1460 14W 1540 AIS ISW 1590 1450 1470 1420 1430 1740 1JO 1520 1660 IG70 1930 I0 1020 807 807 5540 Is88 1440 55 0 m

W diwolved wlida mT L 1440 IWO 1020 1080 1090 522 1070 1080 1110 1120 10911 IIW 1410 143D 12W 1280 13W 1560 1420 692 507 507 6990 1453 1050 SS 0 0
o

Tuml waprnaed wlidzmL 319 6 I0 286 I 1 IU I0 9 12 6 I0 3 3 574 185 I0 389 191 316 I0 U 3310 69 5 55 IG 29X

Alkalinity Diswked mgxL 370 l30 210 ID 270 140 520 298 310 13

2

0 0

0 0
Alkalinirv towlm 370 330 3W 310 250 110 260 220 210 150 150 160 170 260 240 230 150 940 289 280 4

Harahleaa tuWmLj 540 250 240 51 490 4W SRO 546 460 64D 610 53 37W 823 52V 33 0 OYa

Ammmia wml mL 0 0 I 0 0 I 0 0 0 I 1 0 U l 5 0 0 I 0 5 0325 0 40 II 2R

Ni LNi 1 0 1 0 5 0 1 0 0 1 0 1 0 5 U4 0 1 04 05 29 I d 08 13 05 20 13 J l 2 01 40 449 05 55 21 42
tmgm mtmtc

Cilcium dissolvedmL

0

140 470 0 67 13 14 110 110 110 130 120 120 130 140 130 87 14 640 140 IW 44 0 0

SWivm diswivcd m L 240 2111 260 270 IW 260 140 140 140 IAV 180 170 180 190 180 110 18 290 IW 145 44 0 OH

POmxsiYlll dissdved mgt 12 11 85 7tl 9 92 4S 45 46 5 46 45 49 84 79 37 37 28 8 6 44 0 m

Sulfine mL 690 d40 d4U 450 450 IW 4W 460 SW 590 540 SSU 90 RW 680 710 2U 80 720 280 180 180 43W 753 4W 55 0 m

CMonde mgxL 29 1 2G 2 32 9 27 2 24 24 24 22 34 34 28 28 27 29 29 14 11 5 SU 2I 2J 55 0 m

Flunridc roml mgxL 12 24 I 04 01 07 08 06 06 02 54 12 06 27 0 0

Aluminum dissolved m 95 OS 05 15 05 05 c05 05 05 05 05 05 D5 075 025 33 33 100

Avtimmy diswlced mL 0IX16 OOW 0N1R UW6 DIg16 OW7 0074 V1DW UI51 UU244 OW4 17 11 65

7

AnUmmy mmlmgL 0Ol 001 003 U03 0014 03 OW3 0015 1 13 6

Arsenic diswlvcd mL OWS OWl OW3 UWS OWS OW3 0001 0019 OWS OW25 21 12 57

Arscvic tom mL 00119 905 U 05 0036 OINW 005 905 UOW 0816 9W1 95 0030 0025 2 IS 56

dissolved m LBarium 05 05 003 05 05 004 002 05 OIBR 025 22 18 82 a

Barium tonal mL 003 004 003 OW 003 UOl 003 003 005 002 01 0034 003 27 6 22

Beryllium disaulred mL OIX12 OW2 9002 UW2 00112 OW2 cU 1812 91812 001 OWIB UMI 17 IS R8

Bepilium tomlmgxL 0001 OWI OWI OWI OWI 001 OWI OOWS 16 II 69

l0
Burro btil mgxL

dlswlsed m xLCadmium OUW4 OOOW 9UW2 OWIW O00W OOW2 9001W

na

O18M12

Na

OW23

na

D0013

vb

OOW2

0

17

n a

Ib 9Ja

Cadmiumtoml1nL OW3 0W1 OW3 0WJ NOD2 902 OW2 OWI Ib Ib IDm

CM1mmium dixwasedmgL 0W5 11W5 9W5 0WS U 005 41W5 9005 OWS OWS UW25 00025 17 17 100

CM1romiumWWmL OWS DWS OWS 9W5 OWS 005 0004 00025 16 IG IOm

Copper diswhxd mgL 002 002 002 002 902 002 002 002 002 002 902 002 902 002 002 001 002 005 OOId 001 44 34 7

6 7
dissdvd mIrm X03 003 901 OU3 903 003 003 003 OU3 0U3 903 903 Il 0057 0015 37 2 9Ya

diawlvcdmLLmd OWI8 0W02 0002 OUWS ODDW 9W2 0W02 OW3J OWI OWI 22 IG 73 a

Lead rota mgxL bW2 002 002 OW2 OW2 002 002 OW4 OW2 0W2 03 0016 001 27 22 8IX

0 m
disoked mgxLMa msiam 49 3U 17 1 5 19 52 51 52 Gl 58 40 51 69 67 2fi 5 690 102 53 49

p
di l d LM 002 OW D01 U 01 D U1 UUI OW OW 002 U1 009 015 011 U3 032 901 001 034 0054 002 44 IS 34

angmeu ssu s e mg
OOW7 OOW2 Og102 00002 c00W2 OOW2 OOW2 OOW 000014 OOWI 1 16 94

Messvrv disrdved m R OW02

OW2 O 18g2 O W02 O11W2 90002 9UW2 OOWI OW01 Ib 16 100
Mmmry WmlmgxL U

n l u ll 0 12 0115 299 307 UU2 4 095 010 1 0 UG
Mul30dwum diaolvetl mL OV

0 024 0022 0 384 0346 0014 315 08 01 16 0 0

MolSbdmum mmlfmgL
L O W OW 0W OW OW OW OW OW 007 00229 002 i7 16 94

Nickel Jiswlvd m
xLl 0 U2 O OI 9112 902 902 02 0024 001 I6 13 81a

Nickclmm m
Selrniwn disxolved mgxL OWS 0WS OWS OWS 0005 0WS 0WS 9W5 OWS OW25 OW25 17 17 lW

Selrnium tumllmgxL 005 X005 905 005 005 95 0039 0025 16 16 100

sdvm aiawwea mc oWw o DOO4 oWl 9uuew 9Ww DWI 9WW 9WDZ 9J101 oWD3 aoooz 19 n tome

Sihm uail mL 0005 OWS OWb OW6 OWS 015 0017 OWb 16 b 38

TM1allium disolved m xL 9WI 9WI 9W1 OWI DWI 0001 OWl OWOA OWOS IS 12 Sm

ThilliummmlmgxL 003 003 0Ol 003 0W W8W OOW 05 0029 01115 18 IG Sm

Vanadium dixwlred UnL 901 0DI 901 001 001 001 001 OWS OWS IS IS IOm

VanadiummWmgL 9WS OWS wWS 9W5 001 D01 OWS 005 OUW 00025 IS IS IOm

Zinc daswlvedmL 0011 0024 DDW 0005 01815 0W5 OW3 OUW 1129 OW UOA I1005 0329 OWS 0021 37 8 7A x

dixwlved ixlUranium 53 73 35 2 24 12 14 15 028 034 04 02 49 22 037 17 27 I 87 2 IA OOW7 180 16 3 SS 0 0

l CiLdi k 0 7 0 01 06 0 0 U 08 02 00 20 0 m
pTM1urium228 so a

TM1wium230 diawlced lociL 2 J U 14 06 U

0

1

0

SSG

0 6

39

02

06

0 0

20

20

U M

0 0
Thodmn332 diawlaedpli1 06 0 U

v ri 14

05

93 1

01

66 1 38 7 25 2AI 09 453 73 1 33 0 0

Radium226 Jiswhvvl IKaL 20 b 29

2q1

09

62t1 210 2W 5W 310 6RU1 500 22 9UKK1 943 3f1W 27 0 m
Gwss Alpha dixwlced pCilL 3881

Ifi0 2W 450 220 OSW SWO 27 lOW 6328 450 2 0 0
Gross BeLL dixwlaed ixl JUW 84 6W

NYfBS Original lab dam 5msiun 1052026 m 12149R reposed TUS u 12 mgxL Value xas cmaened W 12W mgt baud m ratio ufTUS to SC in 4 oNer sample

Mean and median swUxlic cilculamd using me half dnecGan limit 1x7 UL
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Schwartzwalder Mine Hydrologic Evaluation of Mine Closure and Reclamation 125

762 Shallow Mine Water

Infiltration to the upper levels of the mine occurred seasonally in the spring and after periods of heavy rain

During the majority of the year however the upper workings were dry Samples of seasonal inflow to the

upper levels were collected at five stations in May 1999 Sampling stations were located on the Steve and

Minnesota levels and are shown in Figure 5 and summarized in Table 35

Table 35 Flow Rates at Underground Sampling Stations in the Upper Mine Levels

MAY 1999

STATION NORTHING EASTING ELEVATION DESCRIPTION FLOW

i I

Wash 732406 2061624 6608
Steve Level seeps from Washington 005
chutes

3

6096
Steve Level seeps from boards in

015
ILLRS 732280 2061551 Illinois raise

CO 732144 0614432 6600 Steve Level Colorado drib bulkhead 08

146 732078 2061399 6601 Steve Level and behind air re ulator 05

MINN 732148 2061436 6832 Minnesota Level near Glory Hole

The flow estimates listed in Table 35 are based on field notes and verbal descriptions made by mine

geologist Dick White who described the samples and flows as follows

WASH The flow was captured from seeps and drips entering the mine from the Washington chutes on

the Steve Level The water was captured from most but not all of the drips collected on plastic

sheeting and funneled into aonegallon sample bottle It took 20 30 minutes to collect one gallon

which equates to a flow rate of003 to 005 gpm

ILLRS The flow seeped out from boards in the Illinois raise on the Steve Level The water from the

largest drip was collected on plastic sheeting and it took 10 15 minutes to collect one gallon This

equates to a flow rate of0067 to 01 gpm for the largest drip The estimated flow rate for all of the

drips at this location is 015 gpm

CO The sample was collected from the Colorado drift bulkhead on the Steve Level The flow was

approximately four times the volume seen in the WASH and ILLRS samples combined The flow rate

was estimated at 08 gpm

146 This sample was a composite sample from pools on the Steve Level It represents the composite

water quality from a number of random drips that could not be sampled individually The estimated

flow rate for all these random drips is 05 gpm

MINN Water entering the Minnesota Level near the glory hole was sampled on May 15 1999 The

flow rate was not measured

The combined inflow rate of 15 gpm to the upper workings listed in Table 35 excludes unmeasured flow

near the glory hole and represents a snapshot in time of seasonal inflow in response to spring runoff The

average annual inflow to the mine workings above the Steve Level is estimated to be about 14 gpm

Section 0

Water seeping into the upper levels of the mine is impacted by acid rock drainage and is a poor quality

magnesiumcalciumsulfate water with acidic to moderately alkaline pH 27 to 82 and high

concentrations of total dissolved solids 1230 to 11000 mgLmostly in the form of sulfate 790 to 7200

mgL Water samples from the upper workings were also analyzed for a limited suite of metals including

4109B071116
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Schwartzwalder Mine Hydrologic Evaluation of Mine Closure and Reclamation I 6

copper OOd to 19 mgL manganese 057 to 7 mgL and uranium 29 to 150 mgL Water qualityanalyses for samples collected from the Minnesota and Steve Levels are plotted in Figure I and
summarized in fable 36
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Figure 41 Piper Diagram Showing Major lon Composition of Upper Mine Water Samples
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Schwartzwalder Mine Hydrologic Evaluation of Mine Closure and Reclamation 127

Table 36 Water Quality at Underground Sampling Stations in the Upper Mine Levels

I May61999 Sampling Results

PARAMETER MINN WASH ILLRS CO 146 2Adit 2A

pH lab su I 38 27 79 82 81 78

Conductivity specificScm 3740 7190 1430 4120 416 669

Total dissolved solids 4200 11000 1230 4650 223 442

Total suspended solids 304 I 103 I 374 25 2 I 136

Alkalinity Dissolved 10 10 170 300 200 210

Alkalinity total 1 1 170 300 200 210

Ammonia total 05 05 05 05 05 0 2

Nitrate Nitrogen 29 29 83 42 28 13 13

Calcium dissolved 1 390 360 110 380 I
Sodiumdissolved 5 28 8 7 29

Potassium dissolved 29 14 03 74 21

Sulfate 2900 7200 790 2900 38 150

Chloride 19 130 5 9 5 5

Copper dissolved 002 067 19 004I061 I
Magnesium dissolved 15 240 270 140 280

Manganese dissolved 001 25 27 057 092

Uranium dissolved pCiL 00338 52 150 29 130 021 015

Gross Al ha Particles diss pCiL 14

l
r

Gross Beta Particles diss pCiL 21

Thorium228 dissolved pCiL 0

Thorium230 dissolved pCiL 0

Thorium232 dissolved pCiL 0

Radium226 dissolved pCiL 23 I

Field Temperature 103 41 I 66 I 77 I 93
t

Field pH 784 397 302 834 847

Field Conductivity I 241 I 3960 7720 j 1880 I 4 230 I
Note indicates the sample was not analyzed for this parameter

Results given in mgL unless otherwise noted

763 Water Quality in the Reflooded Mine

Water quality samples in and above the 1900 level of the flooded mine have been collected since June

2000 A total of 115 samples were collected from the 2 and 3 shafts as of June 2007 Mine water

samples were collected using a thief sampler to obtain water samples at discrete depths within the mine

during flooding Samples were collected on an approximately monthly basis between June 2000 and July

2001 and on a quarterly basis from July 2001 to May 2003 Additional samples were also collected from

the 2 shaft in April 2005 and April and July of 2007

Water quality analyses for the flooded mine show that the mine water is astronglybuffered calcium

magnesiumsodiumsulfate water Figure 42 with near neutral pH median value 717 and high

concentrations of total dissolved solids about 3000 mgL Major contributors to TDS include sulfate

520 to 2060 mgL bicarbonate 270 to 482 as CaCO3 calcium 71 to 413 mgL sodium 140 to 225

mgL and magnesium 37 to 271 mgL

Several metals in mine water samples occur at concentrations above Colorado groundwater standards

including antimony manganese thallium and occasionally iron lead and mercury Concentrations of TDS

4109B071116
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sulfate and radium26 are also elevated above Colorado groundwater standards Molvbdenwn
concentrations are notably elevated in mine water however no standard exists for this element
Comparison of metals concentrations in mine to groundwater standards is presented for reference only as
the standards may not apply to mine water Sunmary statistics for mine water are presented in Table 37
Complete analytical results are presented in Appendix F
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Figure 42 Piper Diagram Showing Major lon Composition of Water in Reflooded Mine
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Table 37 Summary Statistics for Water Samples Collected from Flooded Mine

Number of Percent Standard

Analyte
Number of

Non Non Maximum Minimum Mean Median
Deviation

Samples Detects Detects

Temp C

UAIICIG1

111 0 0 205 115 172 172 12

pHsu 113 0 0 815 656 719 717 026

ORP mV 88 0 0 517 83 193 194 56

ECuscm 113 0 0 4250 1509 3319 3460 796

TDS 114 0 0 3420 1110 2917 2940 362

HCO3 mg CaCO3L 114 0 0 482 270 374 340 68

SO4 114 0 0 2060 520 1725 1765 236

Ca 114 0 0 413 71 299 290 58

Na 114 0 0 225 140 197 201 16

C1 114 0 0 358 248 312 320 22

1 114 0 0 227 83 172 170 32

Mg 114 0 0 271 37 224 229 38

p 50 49 98 050 005 015 005 019

UIJJUIVCU 1VICLUIJ

51 50 98 002 000005 00034 00050 00037
Ag
Al 100 44 44 22 005 015 01 026

As 51 37 73 001 00005 00036 00050 00021

Cu 100 27 27 0059 0001 0010 0007 0010

Fe 98 78 80 015 002 002 002 002

Hg 51 39 76 00035 000005 000036 000010 000057

Mn 88 0 0 559 001 205 15 103

Mo 114 0 0 340 060 185 170 052

pb 51 47 92 00018 00001 00003 00001 00004

Sb 100 13 13 0032 00025 0014 0007 OOII

T 96 5 5 022 00005 00249 0024 00206

J 114 0 0 6100 390 4114 4290 1186

UZ 22 0 0 324 4 180 168 84

Zn 47 0 0 141 005 0383 038 0183

Ra 226 pCiL 50 0 0 219 128 178 180 20

1 Ua1 1VlC1i113

Ag 52 44 85 0009 000005 00023 00005 00024

Al 51 48 94 037 005 009 005 007

As 52 39 75 005 00005 00058 00050 00092

Cu 52 15 29 0016 00025 0008 0008 0003

Fe 44 0 0 342 005 062 021 093

Hg 52 33 63 00018 00001 00004 00002 00004

Mn 46 0 0 686 139 263 238 101

Mo 11 0 0 180 120 139 130 021

pb 52 39 75 0053 0001 0018 0005 0020

Sb 52 13 25 0029 0001 0020 0025 0009

Tl 48 1 2 0033 0001 0024 0025 0006

U 11 0 0 3759 3006 3429 3437 199

48 0 0 136 0041 0366 03385 0229
Zn

All concentrations in mgL unless otherwise noted

Mean and median statistic calculated using onehalf the detection limit 12DL

Bolded values are above Colorado groundwater standards for reference The standards may not apply to mine water

Cotter Laboratory considered to be the most reliable uranium analyses
2

Sintrex Labratory
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Schwartzwalder Mine Hydrologic Evaluation of Mine Closure and Reclamation 130

7631 Evaluation ofMine Water Mine Water Quality with Depth

Water quality samples were collected at various discrete depths within the 3 and 2 shafts for each

sampling round up until May 2003 when the elevation of the mine pool was at60168 feet As part of this

analysis profiles of temperature pH redox potential and electrical conductivity were plotted for 3

sampling rounds during mine flooding Figure 43 Figure 45 The results of the evaluation indicate that

redox conditions in the mine were moderately oxidizing at depths of several hundred feet below the surface

of the pool Eh values ranged from 83 and 517 mV Profiles of pH showed slight variation and were near

neutral Electrical conductivity and temperature profiles displayed greater fluctuation than pH and may

have been affected by currents on levels intersecting permeable structures

Field parameters for temperature pH conductivity and ORP were also measured in the shaft on November

12 2007 The water level in the mine was at65769 feet elevation The results from the 2007 sampling
round indicated that the pH of mine water was near neutral and that temperature and electrical conductivity
varied only slightly in the upper 40 feet of the water column Figure 46 ORP values 528 to 228 mV in

the mine pool had decreased since 2003 and showed a decreasing trend with depth

7632 EvaluationoChemical Trends in Mine Water as a Function ofTime

Chemical trends in mine water were evaluated as a function of time by plotting concentrations for the

various constituents against the date sampled Figure 49 and Figure 51 Observations from this analysis
are summarized as follows

1 Redox conditions have decreased with time from a high of near 300 mV during flooding to 228

mV in late 2007

2 Prior to the November 2007 profile redox conditions in the mine water fluctuated between 100 and

300 mV Eh with a possible weak increasing trend RZ 00760
3 The mine water pH has remained relatively stable through time fluctuating near 7 with no distinct

trend toward acidification or increasing pH
4 Bicarbonate alkalinity increased rapidly during the early flooding of the mine 280 to about 410 mg

CaC03L The rate of increase has been slower since May 2001 with concentrations increasing
from about 410 to 482 mg CaC03L

5 After an initial rapid increase during the first two months of flooding TDS concentrations have

been stable to slightly rising to the current level of3300 mgL
6 Sulfate concentrations have been slowly increasing since April 2002 from about 1600 mgL to

2020 mgL in 2007

7 Sodium and chloride concentrations have had weak decreasing trends since 2003

8 Calcium concentrations increased rapidly during the early flooding of the mine to about 280 mgL

by the fall of 2000 and them increased at a much slower rate to about 400 mgL by June 2007

9 Magnesium concentrations increased rapidly during the early flooding of the mine to about 230

mgL and have been stable since about August 2000

10 Potassium concentrations increased slowly from about 10 mgL to 20 mgL from July 2000 to May
2003 They have been stable near 20 mgL since this time

11 Manganese 1 to about 559 mgL concentrations have increased with time in mine water

12 Molybdenum concentrations increased from about 1 mgL at the start of mine flooding to a peak of

about 26 mgL in mid2001 Since 2001 molybdenum concentrations have been steadily

decreasing to near 16 mg1 in 2007

13 Uranium concentrations increased from about 4 mgL at the start of mine flooding to a peak of

about 595 mgL in October 2002 Since October 3003 uranium concentrations have been steadily

decreasing to near 45 mg1 by 2007

14 Dissolved iron concentrations have been stable at a very low level during flooding Total iron has

shown elevated concentrations 342 mgL maximum since January 2003
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Figure 43 Depth Profile for General Parameters in Flooded Mine Workings Apri119 2001

Note Elevations shown in Mine Grid NAD27 minus 53 ft j
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Note Elevations shown in Mine Grid NAD27 minus 53 ft
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7633 Concentration Correlation Plots

Concentration correlation plots of molybdenum and uranium versus iron and molybdenum and uranium

versus manganese were prepared to determine if a relationship exists between these metals Plots of

uranium and molybdenum versus iron did not indicate a relationshipie they essentially plotted as a flat

line Plots of uranium and molybdenum versus manganese however indicated a moderate correlation with

Rz values of03408 and04765 respectively
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8 CHARACTERIZATION OF WASTE ROCK AND FILL

Material placed in the north and south waste rock piles and used as fill is comprised of limesilicate

hornblende gneiss garnetbiotite gneiss mica schist and smaller amounts of quartzite pegmatite and vein

material derived from the underground mine and oresorter reject rock In total the two piles contain have

combined footprint of about 63 acres Figure 1 The east pile is larger about 40 acres than the west pile

about 23 acres and both were capped with 3 ft of rock cover then topped with surface soils and

vegetated using the seed mix specified by DMG DRMG

Prior to the construction of mine facilities waste rock from the mine was placed as fill material in the

valley adjacent to Ralston Creek The fill material covers an area of approximately seven 7 acres The

composition of the fill is similar to the waste rock piles During reclamation additional fill was mined

from the Black Forest Mine east of the Schwartzwalder and used for cover and fill material in the valley

Rock from the Black Forest Mine is a hornblende gneiss LSHG unit assumed to have the same chemical

composition as other LSHG samples that have been analyzed from the site

Geochemical characterization data for waste rock are available from several sources including whole rock

analysis of major elemental composition and trace metals acidbase accounting tests acid consumption

tests and a bottle roll leaching test In addition to laboratory testing water quality data from sumps

completed in fill material and the observed chemistry of Ralston Creek above and below the waste piles can

be used to evaluate the longterm leaching characteristics of waste and fill material Portions of the waste

piles and fill have been in place for up to 30 years and provide a large scale test of the leaching behavior of

waste rock Sources of waste rock geochemical characterization data are summarized in Table 38

Table 38 Summary of Geochemical Characterization Data for Waste Rock and Fill

Test Type Number of

Tests

Sample
T e

Sample Source

Whole Rock Anal sis Rock Under round workin s

AcidBase Accountin 11 Rock East and West waste rock files

Bottle Roll 1 Rock Under round workin s

Acid Consum tion Rock East and West waste rock files

Sum Water Anal sis 248 Water Groundwater in Fill Material

See Water Anal sis

Surface Water Anal sis

33

173

Water

Water

Groundwater See from Fill Material

Ralston Creek water above and below waste rock files

NOTES 1 Approximate total number of analyses evaluated from the sumps Jan 1990 Sept 2007

2 Number of analyses available from SWAWD and SWA001 Jan 1990 Sept 2007

81 Whole Rock Analysis

Whole rock analyses of the elemental chemistry of rock materials at the Schwartzwalder Mine are available

from studies by Wallace 1983 and Wallace and Karlson 1985 Average mineral and chemical analyses

for the evaluated rock types are summarized in Table 39
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Calcite 15 I nd I nd I nA I
no
a

Si02 43 94 54 61

Mg0 4 05 3 2

Ca0 12 06 15 13

Total Iron 11 2 19 13

Total Cazbon 2 03 14 04 54

Total Sulfur 01 03 14 001 07

Arsenic 18 25 14 2 73

Cadmium nd nd 2 nd 2

Copper 68 26 9 20 357

Molybdenum 11 6 15 4 1933

Nickel 59 5 40 3 47

Lead 9 nd 6 30 2267

Uranium 9 14 18 4 5100

Vanadium 20 11 19 78 313

Zinc 8 15 142 112 273

As expected results of the whole rock analyses indicate that metals including molybdenum lead and

uranium are enriched in the orevein material above normal crustal abundances Rose et al 1979 Copper

vanadium and zinc are also enriched in ore but not to the extent observed for molybdenum lead and

uranium Metal concentrations in host rock and waste lithologies are much lower than in the vein material

and although they are weakly elevated they approach normal crustal abundances for igneous and

metamorphic rocks Rose et al 1979

82 AcidBase Accounting

Acidbase accounting ABA tests were used to evaluate the potential for waste rock and fill material to

generate acid rock drainage Eleven samples of waste rock were submitted for ABA testing including six

samples from the west waste rock pile and five samples from the east pile The samples were collected

from five separate pits and most of the rock had been exposed to surface weathering conditions for at least

ten years

Acidbase accounting provides a theoretical estimate of the net acidproducing potential of rock materials

by comparing the total acid generating potential AGP to total acid neutralizing potential ANP Test

results are generally evaluated by calculating the net neutralizing potential NNP ANPAGP or by the

ratio of ANP to AGP ANPAGP Samples with NNPs greater than 20 and ANPAGP ratios greater than 3

are considered to have low potential to produce acid Samples with NNP values between 0 and 20 and

ANPAGP ratios between 3 and 1 are indeterminate Samples with negative NNP values and ANPAGP

ratios below 1 are potentially acid generating EPA 1994

The results of the ABA tests indicate that waste rock from the Schwartzwalder Mine is strongly

neutralizing with an average net neutralizing NNP capacity of 149 t CaCO3kt and an ANPAGP ratio of

10 Table 40 The NNP of the tested samples varied from 86 to 206 t CaCO3kt The observed range of t

CaCO3kt ratios was 23 to 285 Only one of the samples tested had anANPAGP ratio less than 3 Its net

neutralizing potential however was 89 t CaCO3kt which is more than four time greater than the

recommended guidance of 20 t CaCO3kt for material with low potential to produce acidic drainage In

4109B071116
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light of theses results waste rock in the east and west piles and the fill material adjacent to Ralston Creek

are considered to have very low potential to generate acidic drainage

Table 40 Summary ofAcidBase Accounting Results

Depth
Fears

ANp AGP NNP
ANPAGP

Sample Location
Ift

Exposed to
t CaCOkt t CaC03kt t CaCO kt

Weatherin

ivortn waste xocK rue

1 5 1 214 8 206 285
South End Central Bench

6 1017 175 23 152 75
South End Central Bench

11 1017 179 14 165 127
South End Central Bench

8 180 227
North End Central Bench 17 1 188

38 86 33
North End Central Bench 6 1017 123

22 138 74
North Fnd Central Bench 115 1017 160

Joutn waste tcocK rue

North End Top
North End Top
North End Top
South End Top
South End Toe

15

6

105

1

25

1517

1517

1517

1318

1315

186

162

174

229

157

29

38

33

28

68

158

124

141

201

89

65

43

53

82

23

Averaee
177 28 149 10

moved in six months prior to ABA testing

83 Acid Consumption Tests

An evaluation of the potential for acidleach reprocessing of the waste rock piles was performed in 1986 by

CSMRI the Colorado School of Mines Research Institute Chlumsky 1986 Results of the study

indicated that the acid consumption per ton of waste rock was between 400 and 420 pounds of sulfuric acid

This neutralizing potential is equivalent to about 160 t CaC03kt assuming 40 solution of sulfuric acid

and is in good agreement with the results of the acid base accounting tests which indicate high neutralizing

potential

9 IMPACT ANALYSIS

91 Waste Rock Piles

The two waste rock piles associated with the mine are located in the Ralston Creek valley upstream west

of the mine The footprint of the East and West piles near the end of mining 2000 are shown Figure 1

The quantity and character of the waste rock was discussed in Section 8 Issues related to the closure of the

waste rock piles include stability of the piles and water quality in Ralston Creek adjacent to the piles

The stability of the waste rock piles has been investigated McDermid 1983a 1983b and hydraulic control

structures have been designed to protect the piles from the 100year flood event Shepherd Miller 1999

These control structures include an energy dissipater located in the ephemeral drainage near the east waste

rock pile and rip rap on the side slopes In addition the mine reclamation permit requires recontouring the

waste rock piles to 2H1V

4109B071116
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Based on the analyses performed by McDermid 1983a 1983b and Shepherd Miller 1999 the approval

of CDMG and the reclamation activities performed to date the waste rock piles are considered stable and

are expected to remain so in the future even through a 100year flood event

Portions of the waste rock piles have been in place for over 30 years During much of that time water

quality in Ralston Creek has been monitored regularly at upstream station SWAWD and at downstream

stations SWA001 and SWBPL The longterm sampling results Section 65 indicate that the waste rock

piles have little effect on the water quality in Ralston Creek No change in major ion chemistry or

dissolved metals is evident Table 24 The average TDS decreases between stations SWAWD and SW

A001 while changes in uranium concentrations are negligible Figure 53 Mean and median uranium

levels increase from0007 and00025 mgL at station SWAWD to00094 and00037 mgL at station SW

A001 respectively Although the 00012 mgL difference in mean concentration represents a 34

increase the difference is only013 of the acute toxicity limit21 021 of the chronic toxicity limit and

41 of the water supply intake limit In summary water quality changes are negligible as Ralston Creek

passes the waste rock piles based on approximately 173 samples collected from 1990 to 2007

The chemical evaluations performed on the exposed waste rock Table 40 indicate that the material is not

acid generating but instead is strongly neutralizing The rock contains relatively limited quantities of

metals which could be leached into the groundwater or surface water Additionally the longterm water

quality data indicate that the waste rock piles are not affecting water quality in Ralston Creek

21
Acute toxicity limit is 180 mgL uranium and chronic toxicity limit is 1125 mgL uranium based on an average hardness of 77

mgL for Stations SWAWD and SWA001
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Figure 53 Comparison of TDS and Uranium Concentrations in Ralston Creek Upstream
and Downstream of Waste Rock Dumps

92 Alluvium and Fill

Interaction iith groundwater in the alluvium and till has atfected the water quality in Ralston Creek since
the sumps were shut down in June 2002 Section 6a2 1he lour collector trenches and purnphack sumps
were installed in the alluvium and till during 1990 and 1991 and operated until lone 2002 Much of the
lilt has been in place since the 1960x when Ralston Creek was rerouted to the north side of the canyon and
minefrcilities were constructed on the artificial till

Areas of contamination in and above the till have been excavated and removed in accordance with the
Mine Reclamation Plan Section 102 The renaining till material is not slated for removal

109307 I l l b
Whetstone Associates



Schwartzwalder Mine Hydrologic Evaluation of Mine Closure and Reclamation 145

Based on the existing conditions water quality in Ralston Creek is expected to continue to show distinct

seasonal variation in uranium concentrations High creek flows in the spring will result in low uranium

concentrations well below the water supply intake standard 40 pCilL 0059 mgL and the acute 412

mgL and chronic 257 mgL aquatic toxicity standards calculated in Section612 Low creek flows

in the winter and late summer will result in increased uranium concentrations which may sometimes

exceed the water supply intake standard but are unlikely to ever exceed the aquatic toxicity standards

The source of the increased uranium and TDS in Ralston Creek is believed to be from diffuse sources in the

fill material Geochemical modeling of water under oxidizing conditions has not indicated a limiting

control for uranium solubility Rather uranium concentrations are controlled by reaction kinetics the

velocity of groundwater flow within the alluvium and fill and seasonal fluctuations in water levels

Seasonal fluctuations in water levels expose uraniferous fill to oxidizing conditions during low water

periods Infiltrating water which contacts these reactive surfaces solubilizes the stored uranium salts and

transports uranium into the groundwater system Groundwater in the alluvium and fill interacts with

surface water in Ralston Creek resulting in elevated uranium concentrations in the creek during certain

times of the year

Uranium concentrations are not expected to exceed the concentrations observed within the first six months

of turning off the sumps At that time the reactive surfaces had been exposed for over a decade while the

sumps were in operation The first flush of uranium removed from the sump drains fill and alluvium is

expected to be the worst case condition However uranium concentrations during low flow period are

not expected to fall below about 02 mgL the observed concentrations during low flow Fall 2003 after

the initial flush

93 Mine Refilling

Water levels in the mine have risen from 2200 feet to about 26 feet below the Steve Level in 7 z years

and are predicted to reach a maximum elevation of about 12 feet below the Steve Level portal after April

2009 Section 524 Mine water is not predicted to discharge from the Steve Level portal into Ralston

Creek

Based on the observed rate of mine flooding through September 2007 a time frame was estimated for the

mine pool to reach steadystate elevation Section 524 Assuming that water levels in the mine continue

to rise at a linear rate of0025 ftday the earliest time at which the mine pool would reach static would be

April 2009 It is likely however that the rate of rise will follow a traditional groundwater recovery curve

and will continue to slow as the elevation of the mine pool increases

94 Mine Water Chemistry

Equilibrium based geochemical modeling of mine water was performed to identify mineral controls and

processes affecting water quality in the mine The geochemical modeling program PHREEQCi v 2142

Charlton and Parkhurst 2007 was used for this analysis along with the MINTEQv4 database which

contains an expanded compilation of thermodynamic data for metals PHREEQCi is public domain

software developed by United States Geological Survey and is widely used and accepted by regulatory

agencies to model mine water chemistry

941 Geochemical Modeling Approach
Water entering the mine originates from two broad sources with variable water quality including

1 Groundwater which enters the mine at a level equal to or below the mine pool and

2 Infiltration of meteoric water into the upper portions of the mine
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Although numerous water quality samples were collected from the deeper portions of the mine prior to

flooding the actual chemistry of the groundwater before it enters the mine is not well known Samples
from the deep mine are probably the best approximation of background groundwater geochemistry22 but

some samples were subject to chemical loading by the dissolution of soluble minerals and salts from wall

rocks that had been exposed to oxidizing conditions in the workings during operation Comparison of the

average deep mine water quality in 199923 with the water from the partially flooded mine indicates

continued loading during filling and at least athreefold increase in total dissolved solids predominantly
in the form sulfate calcium magnesium and sodium between 1999 and 2003 Uranium manganese and

molybdenum also increased during that time by factors often five and three respectively However more

recent data from 2005 and 2007 suggests a possible reversal of some of these trends Although sulfate and

manganese continued to increase calcium and magnesium remained relatively constant and sodium

molybdenum and uranium appear to have begun a decreasing trend Average water quality data for

samples collected from the lower workings have acceptable cationanion balances for geochemical

modeling and are summarized in Table 41

Water from the upper workings is impacted by acid rock drainage and is of much poorer quality than water

entering the lower workings Water from the upper levels has widely varying pH 27 to 82 high total

dissolved solids 1230 to 11000 mgL and elevated concentrations of uranium 29 to 150 mgL

manganese 057 to 27 mgL and copper 004 to 19 mgL Molybdenum and other metals were not

analyzed for samples collected from the upper workings but at low pH most metals exhibit increased

solubility and are expected to be present at elevated concentrations Although water quality analyses from

the upper workings provide valuable information that can be used in the geochemical model they are

incomplete with regard to major ion composition and have percent errors in cationanion balance of up to

about 50 For this reason weighted averages and individual compositions of samples collected from the

upper workings and should be used with caution Water quality data for the upper workings is

summarized in Table 42

9411 Mass Balance Mixing Model

A mass balance mixing model was prepared to evaluate whether conservative constituents could be

identified in the mine water that could be used to confirm percentage inflows from deep groundwater and

the upper workings Results of the analysis did not identify any constituents that could be used to calculate

mixing percentages for the upper and lower inflow sources For many parameters concentrations in the

flooded mine were lower than reported in either the deep mine water or water from the upper workingsie

no combination would provide the correct chemistry In other cases the calculated mixing fractions were

heavily weighted toward the chemistry of the upper workings and indicated that they provided the majority

of inflow to the mine This condition is known to be incorrect Based on the inability of the mass balance

model to provide reasonable results the chemistry of the mine water is shown to be controlled by dynamic

processes which include precipitation and dissolution of minerals from solution

z2
Samples from coreholes drilled into virgin rock may be considered representative of bedrock water quality peripheral to the

mine These samples include 7J2 15B13 19D15Fe 19D15Mn and 19D16

zs
Average deep mine water composition from sample RMW raw mine water collected 111599 and from 1955 Decline

collected32399 a pooling location for deep mine water during operation
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Table 41 Average Water Quality for Samples Collected from Deep Mine Workings

Composite
779 7J2 1108 15B1315B 16G 1730 19D15Fe 19D16Mn 19C16

AverAne

General Parameters

pH su 79 82 84 82 83 81 81 81 79 81

TDS mgL 897 636 850 941 1100 1053 1112 968 1105 963

Alkalini m CaCO3 520 305 300 370 140 310 330 330 210 313

Ca

V V

mgL 108 87 97 33 109 103 194 38 110 97

Cl mgL 64 50 104 310 264 60 246 244 235 175

F mgL 02 02 04 50 08 02 10 21 04 11

mgL 69 49 56 62 40 80 106 86 45 66

Mg mgL 123 53 84 10 31 96 34 15 52 55

Na mgL 21 23 42 280 158 37 220 238 140 129

SO4 mgL 328 235 358 356 600 462 490 402 568 422

NH3 MgL N 05 00 05 10 05 15 05 05 05 06

NO3 M L N 05 01 34 02 02 132 02 02 04 20

v5uwcu caa

Al mgL 025 025 025 025 025 025 025 025 025 025

Sb mgL 0151 0000 0004 0004 0004 0068 0003 0003 0004 0027

As mgL 0017 0002 0001 0004 0003 0018 0006 0006 0002 0006

Ba mg1 025 025 013 013 027 025 025 025 003 020

Be mgL 0001 0000 0001 0001 0001 0001 0001 0001 0001 0001

Cd mgL 00001 00000 00002 00002 00002 00002 00002 00002 00002 00001

Cr mgL 00025 00000 00025 00025 00025 00025 00025 00025 00025 00022

Cu mgL 0028 0010 0020 0015 0013 0010 0010 0013 0010 0014

Fe mgL 0030 0015 0030 0015 0020 0015 0040 0015 0015 0022

pb mgL 00016 00003 00027 00008 00006 00009 00014 00010 00010 00011

Mn mgL 0168 0005 0015 0015 0030 0018 0050 0005 0033 0038

Hg mgL 00001 00000 00001 00001 00001 00001 00001 00007 00001 00002

Mo mgL 4000 0000 0090 0025 0020 2220 0070 0100 0115 0738

Ni mgL 007 000 002 002 002 002 002 002 002 002

Se mgL 00025 00000 00025 00025 00025 00025 00025 00025 00025 00022

Ag mgL 00001 00000 00004 00004 00004 00002 00002 00004 00004 00003

Tl mgL 00005 00000 00050 00005 00005 00020 00005 00005 00005 00011

7 mgL 00050 00000 00050 00050 00050 00050 00050 00050 00050 00044

Zn mgL 020 002 004 001 000 002 001 001 000 003

U mgL 2700 038 566 024 003 1406 454 170 046 601
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Table 42 Weighted Average Water Quality for the Upper Mine Workings

PARAMETER Unit ILLRS Wash 146 CO

General Parameters

Weighted

pH Su 27 38 82 79

Alkalinity dis mg CaC03l 10 10 300 170

Alkalinity tot mg CaC03l 1 1 300 170

EC uscm 7190 3740 4120 1430 4004

TSS mgL 103 304 25 374 189

TDS m 11000 4200 4650 1230 5119

Major Ions

S04 mgL 7200 2900 2900 790 3321
Ca mgL 360 390 380 110 293

Cl mgL 130 19 9 5 39

Mg mgL 270 240 280 140 229

K mgL 03 14 21 74 11

Na m 8 28 29 7 168

Nutrients

N03 mg N1 83 29 28 42 124

NH4 mg N1 05 05 05 05 025

Dissolved Metals

Cu mgL 19 067 061 004 504

Mn mgL 27 25 092 057 1046

U m I50 52 130 29 94

Estimated Contribution to U er Level Flows 25 13 31 31 100

Weighted averages for pH and alkalinity are not considered to be meaningful for this data set

9412 Evaluation ofPrecipitation and Dissolution Reactions Controlling Mine Water ChemistrX

Equilibrium based geochemical modeling was performed to evaluate chemical processes occurring within
the flooded mine The modeling approach included speciation of the average water quality from the upper
and lower mine workings to evaluate the mineralogical controls on solute concentrations during the initial

flooding and speciation of the mine water from 2007 to evaluate the processes that will control the long
term chemistry of the flooded mine speciation was also modeled using the most recent pH and Eh

measurements as each of these parameters has recently decreased A decreasing trend may be expected for

Eh as groundwater flowing in from deep bedrock is no longer exposed to oxygen in the mine voids In

contrast pH is likely to remain circumneutral in the flooded mine because the water is well buffered 394
mgL alkalinity and the flow from lowpH seeps in the upper workings is small Table 35

94121 Upper Mine Water Speciation
The speciation run for the average water quality of the upper mine workings indicated a charge imbalance
of 4677 The calculations were performed for oxidizing conditions Eh 592 mV and all solid

phases minerals for copper uranium and molybdenum were strongly undersaturated in solution the input
concentrations for molybdenum were estimated from the observed ratio of U to Mo in samples from the
flooded mine as data for the upper mine water were not available Gypsum was the only oversaturated
mineral that was likely to precipitate with a saturation index of012 Appendix H
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94122 Deep Mine Water Speciation

The Speciation run for the average deep groundwater quality had a charge balance error of065 The

calculations were performed for oxidizing conditions at an Eh of 178 mV which is similar to values

observed in the flooded mine As expected the results indicated near equilibrium conditions for many

minerals in solution including calcite and gypsum Table 43 This suggests that the major ion composition

Ca SO4 HCO3 of the deep mine water is controlled by precipitation and dissolution reactions involving
carbonate minerals and gypsum Ferrihydrite a mineral that commonly limits iron concentrations in

oxidized waters was also calculated as being oversaturated in solution This result however is a statistical

artifact of the high detection limit for iron 003 mgL that was used to calculate the input value All

uranium and molybdenum minerals evaluated by the model were undersaturated in the deep mine water

Table 43 Controlling Mineral Phases in Deep Mine Water

Mineral Com osition Saturation Indext

Calcite CaC03 087

Alunite KAI3 SOa z OH 6 035

Chrome H droxide am CrOH s 046

Ferrih drite Fe OH s 171

Gypsum CaS042H20 078

M Crz04 M Crz04 034

Ma nesite M C03 031

Jarosite K KFe3 SOaz OH6 036

Otavite CdC03 089

Rhodochrosite MnC03 074

Positive values are oversaturated negative values are undersaturated

94123 Reflooded Mine Water Speciation

Speciation runs were performed for four samples collected from the flooded mine The modeled samples

included water from a depth of 221 feet collected on May 21 2001 water from a depth of 465 feet

collected on April 18 2002 water from a depth of 291 feet collected on May 20 2003 and water from just

below the surface on June 27 2007 The modeled water chemistries had acceptable charge balance errors

ranging from 246 to 252 The model calculations for the 2001 2002 and 2003 samples were

performed for oxidizing conditions at an Eh of 178 mV similar to values observed in the flooded mine

during that period The calculations for 2007 were performed using an Eh of 23 mV as was observed

during measurements in November 2007 Results of the analysis indicate that calcite and gypsum are near

equilibrium for all of the samples and that they are the probable mineral controls of calcium sulfate and

bicarbonate in solution Amorphous aluminum hydroxide magnesite and rhodocrosite were also

calculated to be near equilibrium COZ gas is oversaturated in the mine water as compared to equilibrium
with atmospheric pressure atmospheric equilibrium for COz gas occurs at saturation indices between 32

and35 Ferrihydrite saturation ranges from near equilibrium to oversaturated but the model results are

impacted by the relatively high detection limit for iron003 mgL that was used to calculate the input

value The precipitation of ferrihydrite typically limits iron concentrations in oxidized waters at neutral pH

and is the most probable control limiting iron concentrations in mine water All of the uranium and

molybdenum minerals evaluated by the model were undersaturated in solution Saturation Indices for the

probable controlling phases are presented in Table 44
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Table 44 Controlling Mineral Phases in Flooded Mine Water

Mineral Composition Saturation Index

Ma 21 2001

Saturation Index

Aril 18 2002

Saturation Index

Ma 20 2003

Saturation Index

June 27 2007

Calcite CaC03 016 052 046 077

COZ as COZ 147 175 167 199
Al OH s am Al OH s 080 053 052 094
Ferrih drite Fe OH 3 116 022 033 101

Gypsum CaSO42H2O 002 000 007 018

Ma nesite M C03 026 004 003 006
Rhodochrosite MnC03 037 014 022 085

Positive values aze oversaturated negative values are undersaturated

94124 Modified Reflooded Mine Water Speciation
Eh appears to show a recent decreasing trend in the flooded mine water based on a limited depth profile
conducted in the 2 Shaft on November 12 2007 Eh values were only onehalf to onequarter the value of

previous 2003 measurements The pH was near neutral 685 but slightly lower than in June 2007

753 To analyze the effect that decreased Eh or pH might have on future mine water chemistry mine
water concentrations from the June 2007 laboratory analysis were modeled with lower pH and Eh values
Of particular interest in these Speciation models was the increase of the saturation index of the potential
uranium concentrationlimiting species uraninite UOZ from undersaturated to oversaturated June 2007
water quality data was initially speciated using a pH value of753 as measured on the sample date The
same data was speciated again changing only the pH A value of685 was selected because it reflects the
most recently measured pH in November 2007 With this slightly acidic pH uraninite showed slight
oversaturation SI 026 It was also found that uraninite moves from undersaturation to oversaturation as

Eh decreases from 23 to 25 A decrease of this magnitude in the mine water seems possible given the
reduction in measured Eh from near 300 at the most oxidizing to the current measurement of 23 It is

possible that the decrease in Eh has occurred because the groundwater inflow from bedrock is no longer
exposed to oxygen in the mine voids While the observed decrease in pH in the upper 40 ft of the shaft
could result from the increasing relative contribution of acidic oxidized water from the upper mine

workings and the slowing influx of deep mine groundwater the flooded mine water is well buffered 394
mgL alkalinity and pH is likely to remain circumneutral in the flooded mine Saturation indices for
uraninite and other phases of interest are presented in Table 45

Table 45 Effect of pH and Eh on Controlling Mineral Phases

Mineral Composition Saturation Index

June 27 2007

Saturation Index

lower H

Saturation Index

lower Eh

H 753 685 753

Eh 23 23 25
Char a Balance 246 245 246

Al OH s am Al OH s 094 051 091

Barite BaSO4 064 064 064

Calcite CaC03 077 01 074

CaM04 CaM04 023 023 023

Cerrusite Pb C03 035 065 036

COZ as COZ 199 13 196
Ferrih drite Fe OH 3 101 305 191

Gypsum CaSO42HZ0 018 018 018

Ma nesite M C03 006 073 009

Rhodochrosite MnC03 085 017 082

Uraninite UOZ 17 026 001
Positive values are oversaturated negative values are undersaturated
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The geochemical modeling results suggest that the trend of decreasing uranium and molybdenum
concentrations in the flooded mine water are related decreasing Eh The pH is circumneutral and the

flooded mine water is well buffered 394 mgL alkalinity With the exception of iron and manganese the

observed concentrations of trace metals in the flooded mine water have been stable over time

10 MINE CLOSURE AND RECLAMATION

101 Mine Reclamation Plan

The Reclamation Plan for the Schwartzwalder Mine was prepared in 1977 and revised in 1983 Cotter
1983 The Reclamation Plan includes the following tasks

Removal of mine buildings and facilities including concrete slabs

Recontouring and reclaiming the parking lot including removal of surface depressions

Recontouring and revegetating the waste rock piles

Seeding and revegetation of roads

Sealing off access to the portal and flooded underground workings

These activities are being performed under the approved mine reclamation plan

102 Closure Activities Performed to Date

1021 Mine Reclamation

Cotter has performed numerous closure and reclamation activities at the mine site over the last decade and

a half The ore sorter was dismantled and removed from site Uraniumcontaminated soils associated with

a historic pond were removed Waste rock piles were consolidated recontoured and revegetated A

summary of reclamation is provided in Table 46
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Table 46 Summary of Reclamation Activities

Reclamation

Area
Area Description Completion Status

DMG01 Exhaust Borehole 95Complete
DMG 02 U er Schwartz Level 100 Complete
DMG 03 Minnesota Level In Progress

DMG 04 CV Chazle Intakes In Progress
DMG OS Surface Sho 1 Warehouse 100Complete
DMG 06 Core Shed Guard Shack 100 Complete

DMG 07 Atlantic Montana Adit 100 Complete
DMG 08 Main Office Area 100 Complete
DMG09 Fuel De of Schwartz Adits 100 Complete

DMG 10 East Bone azd 100 Complete
DMG 11 West Bone azd 100 Complete
DMG 12 West Waste Dum 100Complete

DMG 13 East Waste Dum 100Com fete

DMG 14 Barrow Pit 100 Complete
DMG 15 Mine Rescue Trainin Area 100Complete
DMG 16 Roadwa s North of EBH 100 Complete
DMG 17 Trash Trenches Roadwa s 100 Complete
General Fill Material Borrow Area In Pro ress

GV 01 Transfer Pad Dozer Pad 100 Complete
GV 02 The Point and West S ur Rd 100 Complete
GV 03 Service Entrance Rd 100 Complete
GV 04 Lake Hill Rd 100 Complete
GV OS Old Road Bed Cleanu 100Complete
GV 06 O en S ace Trail Lot13 100Com lePte

RML O1 Ore Sorter Decommissionin 100Complete
RML 02 Wastewater Plant Removal In Progress
RML 03 D ing Trenches Cleanu 90Com fete z

Notes DMG Division of Minerals and Geology areas

RML Radioactive Materials License areas

GV Glencoe Valley areas offsite
1 Needs monument set

2 Needs backfilling

1022 Technologies Research

Cotter has investigated several technologies and treatment strategies related to underground mine water

Although the most current information indicates that mine water will not discharge from the Steve Level

Adit two of the earlier technologies research projects focused on the treatment of mine water in the event

of a discharge from the Stevel Level adit into Ralston Creek These reports by Shepard Miller and WRT
are summarized below

Shepard Miller conducted pilot studies in 2001 and 2002 to test the feasibility of using in situ

bioremediation for removal of uranium and molybdenum from the Schwartzwalder Mine refill water Four

30gallon reaction barrels Barrels A B C and D were filled with 337 pounds of wall rock collected from
the underground workings and crushed toymesh The barrels were filled to 25 gallons total volume
using a fully mixed aliquot of the approximately 300 gallons of groundwater that had been collected from

the mine and stored in clean 30gallon plastic barrels Additional amendments were then added to the

following barrels

Barrel A 136 ml of a mixture of sugars shortchain organic acids and alcohol plus
phosphate hence forth referrer to as nutrient solution to provide a total organic carbon TOC
loading of 100 mgL
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Barrel B 310 ml of the nutrient solution to provide about 650 mgL TOC

Barrels C 310 ml of nutrient mixture 650 mgL plus a small inoculum 300 ml of anoxic

soilsediment with active anaerobic microbial communities

Barrels D No added nutrients this system served as a qualitative abiotic control

Conductivity in Systems A through B rose sharply when compared to the feed water after the nutrient
solution was added Solution pH declines in Systems A through C upon the addition of nutrient solution as

would be expected with the addition organic acids The pH in these barrels began to rise after week 1

primarily as a result of alkalinity produced from anaerobic respiration The Eh dropped from an initial
187 mV to and average of 206 mV by week 2 in systems to which nutrients were added then rose again
in these systems until week 4 to an average value of4 mV after which it again declined to an average of

195 mV Uranium levels in all systems dropped by week 2 with the greatest decreases seen in Systems
A B and C which dropped from an initial U concentration of 45 mgL to 31 33 and 35 mgL
respectively At least part of the initial decline might be attributed to sorption of the uranyl ion to the walls

of plastic barrels After week 2 the uranium levels in all the systems with the exception of the feed water

increased slightly and from that point each of the test systems operated independently

Overall the results from the pilot scale study designed to test the feasibility of using bioremediation as a

means of removing uranium and molybdenum from Schwartzwalder Mine refill water were ambiguous

WRT completed a pilot study designed to assess the effectiveness of a proprietary Z92T and Z88

uranium and radium removal technology for radionuclide and metals removal from mine water The pilot
study was conducted over a 24 day period in July and August 2007 The testing revealed satisfactory
removal of uranium from the water to very high loading levels and to discharge levels below the discharge
permit However theZ92TM however was not effective at removal of other metal contaminants during the

testing

Ultimately the hydrology of the refilling mine did not appear to warrant the application of the treatment

technologies that were investigated Since mine water is not currently discharging from the Steve Level

Adit and since hydrologic calculations indicate that such discharge is unlikely modification of the Mine

Closure and Reclamation Plan to include these treatment technologies was not warranted

103 Closure and Mitigation Strategies

1031 Waste Rock Piles

No additional closure strategies are recommended for the two waste rock piles beyond those contained in

the existing mine reclamation plan Reclamation of the East and West waste rock piles was completed in

the summer of 2003 Both waste rock piles were capped with 3 ft of rock cover then topped with surface

soils and vegetated using the seed mix specified by DMG DRMG By summer 2007 the vegetation was

very well established

As described in Section 91 the waste rock piles were designed to meet the stability requirements for a

100year flood event Portions of the pile have been in place for over 30 years and chemical evaluations

performed on the exposed waste rock indicate that the material is not acid generating but instead is

strongly neutralizing

Water quality has been measured in Ralston Creek upstream and downstream of the waste rock piles for

decades The longterm sampling results indicate that the waste rock piles have little effect on the water

quality in Ralston Creek Average uranium concentrations increase by00012 mgL which is only 013
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of the acute toxicity limit24 and021 of the chronic toxicity limit No change in major ion chemistry or

dissolved metals is evident and the average TDS decreases slightly as Ralston Creek flows past the waste

rock piles Section 91

1032 Alluvium and Fill

The mine closure plan calls for regrading and reseeding of the alluvium and fill Surface depressions will

be filled and the alluvium will be sloped and seeded to eliminate ponding and facilitate natural runoff

Areas of contamination in and above the fill have been excavated and removed in accordance with the
Mine Reclamation Plan The remaining fill material is not slated for removal

Both natural and anthropogenic sources of uranium and TDS loading to Ralston Creek have been identified

Section 64 The fill material is believed to be a diffuse nonpoint source of uranium and TDS loading
as described in Section 92 However the effect of alluvium and fill on water quality in Ralston Creek can

be difficult to differentiate from natural changes in water quality that occur at the creek passes the naturally
mineralized zone A conductivity survey in the creek or a resistivity survey in the alluvium could assist in

determining areas of fill that may be contributing to TDS and metals loading in Ralston Creek Such

surveys are best performed during winter low flow conditions

If a specific zone of chemical loading were identified in the fill the reclamation strategy could include 1
engineered regrading to limit infiltration 2 encapsulation through targeted grouting or 3 targeted source

removal These strategies would not be cost effective and could have severe unintended environmental

consequences if applied to the entire fill area It is likely that regrading to remove localized depressions
will be adequate to reduce infiltration and chemical loading to Ralston Creek

Regrading the alluvium and fill materials may also address the Sump 3 Seep that exists near MW9 and

Sump 3 where water emanates from a low point in the fill

1033 Underground Mine

Closure of the Schwartzwalder Mine according to the approved Mine Reclamation Plan Cotter 1983
involved limited removal of equipment turning off the pumps and allowing the mine to flood and sealing
or bulkheading the portals and other access points to the underground mine The pumps were turned off

in May 2000 and the mine was allowed to flood

The rates of water level rise in the underground mine have decreased over time During the initial flooding
of the 1900 and 1800 levels the mine pool rose at an average rate of 57 feet per day Flooding of the

1700 through mid1000 levels slowed to an average rise of 24 feet per day The rise of the mine pool
slowed further to 066 feet per day from June 2001 to June 2003 038 ftday from September 2003 to

October 2004 and 029 ftday from October 2004 to July 2006 Most recently the rate of rise slowed to

0018 ftday from September to October 2007

The expected final water level was calculated iteratively using the Theim steadystate equation radial flow

The results indicate The calculation yields an overall bedrock permeability of28x10 cmsec and a final

static water level of about 12 ft below the Steve Level about6590 ft NAD 27 The calculation suggests
that groundwater from deep bedrock will not discharge from the Steve Level adit since the final static

water level will be about 12 ft below the adit

The chemistry of underground mine water has been monitored since the start of flooding The pH of

groundwater in the flooded mine has remained relatively stable through time fluctuating near 7 with no

distinct trend toward acidification or increasing pH Redox conditions initially fluctuated between 100 and

za
Acute toxicity limit is 180 mgL uranium and chronic toxicity limit is 1125 mgL uranium based on an average hardness of 77

mgL for Stations SWAWD and SWA001
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300 mV Eh and decreased to around 25 in 2007 The trend of decreasing Eh may have occurred because
the groundwater flowing in from bedrock is no longer exposed to oxygen in the mine voids and the lower
Eh is more representative of background conditions in bedrock

Water in the underground mine is acalciummagnesiumsodium type water with nearneutral pH and high
levels of dissolved solids 3300 mgL Water quality changed rapidly during initial filling and has been

relatively stable for the past 4 years Section 763 After an initial rapid increase during the first two

months of flooding TDS concentrations have been stable to slightly rising to the current level of3300
mgL Bicarbonate alkalinity has increased slowly since May 2001 with concentrations increasing from
about 410 to 482 mg CaC03L Similarly Sulfate concentrations have been slowly increasing from about

1900 mg1 in May 20003 to 2020 mgL in 2007 Calcium and magnesium concentrations increased

rapidly during the early flooding of the mine then increased at much slower rates to about 400 mgL and

250 mgL respectively by June 2007 Sodium and chloride concentrations have had weak decreasing
trends since 2003

The geochemical modeling suggest that the observed trends of decreasing uranium and molybdenum
concentrations in the flooded mine water are related to declining Eh The pH is circumneutral and the
flooded mine water is well buffered 394 mgL alkalinity With the exception of iron and manganese the
observed concentrations of trace metals in the flooded mine water have been stable over time

Trace metals concentrations have also been fairly stable in the flooded mine water with the exception of

manganese which has increased from 1 to about 559 mgI over time Dissolved iron concentrations have
been stable at a very low level during flooding Total iron has shown elevated concentrations 342 mgL
maximum since January 2003 Molybdenum concentrations increased from about 1 mgL at the start of
mine flooding to a peak of about 26 mgL in mid2001 Since 2001 molybdenum concentrations have

been steadily decreasing to near 16 mg1 in 2007 Uranium concentrations increased from about 4 mgL at

the start of mine flooding to a peak of about 595 mgL in October 2002 Since October 3003 uranium

concentrations have been steadily decreasing to near 45 mg1 by 2007

Hydrologic calculations indicate that water from the underground mine will not discharge at the surface

However bulkheading the Steve and Pierce Adits is a prudent mitigative strategy for the underground
mine to prevent potential exposure to enriched mine water Plugging and abandonment of old coreholes

drilled from at or near creek level into the deposit is also recommended although locating such coreholes
can be difficult

11 CONCLUSIONS

The Schwartzwalder underground uranium mine was operated by Cotter Corporation from 1966 to May
2000 when the mine was shut down and allowed to flood

Groundwater inflows to the Schwartzwalder Mine during operations were very low considering the depth
and extent of excavation At its fullest extent with pegmatite coreholes plugged inflow to the 2200ft
deep mine averaged 190 gpm The low permeability of the surrounding rock mass limited groundwater
flow into the mine during operations and now limits flow through the flooded mine

Water levels in the mine have risen from 2200 feet to about 26 feet below the Steve Level in 7 z years
and are predicted to reach a maximum elevation of about 12 feet below the Steve Level portal after April
2009 Mine water is not predicted to discharge from the Steve Level portal into Ralston Creek The

chemistry of groundwater in the flooded mine increased during initial flooding but has been relatively
stable since 2003 in response to chemical equilibrium with calcite and gypsum Underground mine water

has nearneutral pH and high levels of dissolved solids 3300 mgL Uranium concentrations increased

from about 4 mgL at the start of mine flooding to a peak of about 595 mgL in October 2002 Since

October 3003 uranium concentrations have been steadily decreasing to near 45 mg1 by 2007 Although
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this water is not predicted to discharge from the portal bulkheading the Steve Portal and Pierce Adit is a

prudent mitigation option

Water quality data and geochemical modeling results point to a potential trend of decreasing uranium and

molybdenum concentrations in the flooded mine water as Eh declines The pH is circumneutral and the

flooded mine water is well buffered 394 mgL alkalinity With the exception of iron and manganese the

observed concentrations of trace metals in the flooded mine water are low and have been stable over time

The waste rocks dumps have had no discernable effect on water quality in Ralston Creek Water quality at

stations upgradient and downgradient of the reclaimed waste rock dumps shows negligible increases in

uranium and slight decreases in TDS

The alluvium and fill have affected water quality in Ralston However uranium concentrations in alluvial

monitoring wells and in Ralston Creek have generally been declining since the initial flush following the

shutdown of the pumpback sumps in 2002 Further uranium concentrations in the creek have not exceeded

the applicable aquatic toxicity standards Localized zones of fill have been remediated by source removal

in the areas of the former Ore Sorter and the former Emergency Storage Pond Regrading of the alluvium

and fill in accordance with the Mine Reclamation Plan will provide drainage and infiltration control that

may further reduce loading If necessary additional mitigation options include localized source removal
or localized encapsulation If employed such mitigation measures should be staged to produce as little

disturbance as possible

November 16 2007
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